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roliofttih 7K¥*tRi('Mt>\ ¥?f^ia^:^tL/-c 
1S^C0^2»m^t SrlSlt. mibCDfgl, ^2 

y f^m^ms, 

im&m 2 ] ±ie^iHi8Sf4jiiEifl^c6o^^ffi^K) b 
fc5^<t£^®i^5fi*jgii;ifeite<£> K7 h-^- b y * 



t£S SrfT 5 i 5 1- L fc t » T* fo 5 " i £ i i" 3 ft * 

Jii \cmm.<o vyv-^v vfxm^mmo 

^Sl&w^ 2 co{f £ Sr^Sitx mbw^i, Si? 2 com 



[fl**S6] JiEfii£ISl»!fll#»SfelHll«-e*ric-r5ffi 

5«^fla«^s*fSufcSii:raw^-§-a>fiii:«ni*8iai^fi 

6 covf ix^t-IE4£co h'ybvM) ^^*^SIB 0 

«t 5 Lfc n b &¥fWt b -T £f»*3S 4 7 cov ^-rtifi* 

*ffi«tffia-r5ff 2 com ^{-ffi^$^xfc^m^i^@ 
•a Htm <t m ^ r t t -r z> ts*3S 4 75 m. 8 co v ^ 

mm^-x-fr 5 r t i -r sit *ig iM9 co^-r ti 

1 1 ] ±ISfgi!)^^-W^ B B B Kco^ y =1 

rtSrW*i:rs»*«l»Sl lcov^-ftb^t-IE^co 

^□StuTV^r b*W®.b-T z>m$v%.i 2\Z.mm<DVy 
b-v h y ^^^7F$ge„ 

1 4 ] ±IBJg 1 ©«-§-i»tc:«#«E*:«<c*&i- 

COi^* l/2co^-Y-^5 -y^ U>i?&f!fi&\mX'ibZz\ 



/OM-lSicCO Ky h-^ h y ^^S*iB. 
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[0 0 0 1] 
[0 0 0 2] 

[*£3l5C9&flf] ^.ffiy— h PC (Personal Computer)^ 

*faTvo*=ii'i:ii < mm.mmx'i&mmmtKDmM, 

SSitl LCD (Liquid Crystal Display) j4*Sffl 

[0 0 0 3] LCDJdfi, TFT (Thin Film Transisto 
r) ^it^ S T N (Super Twisted Nematic) jj$<,?£ iftf fo 

[0 0 0 4] £1\ L C DW^Jai^oV^TJfEi^lHlg&gr 11 ) 3 
^^tft^i-5 0 LCDii, «^roi£fB-feyua>e>«EK£*b 
TV>5 0 #'J;Lfix VGA(Video Graphic Array) <£> 7J y" 
-LCDtt, m9 0^rf@CD?^ H E |-(ryi-?rWL.rv^-5o ^ 

tbfc 3 oCD?^ B B B-fe^^ 1 otf^Sf U -^tfJiSS-fe 

/VfiVfce 4 0+ff x®4 8 Off©"? M) ^ ^.^iCgBg^tl 
-CV">5„ rcDfcii), f&al-teA'Ofcii&ifi, 6 4 0 XRGB 
X4 8 0 = 9 2 1,6 0 0fil:45„ Lt, rcD^ae 

[0 0 0 5] m 8 Id 6#rX 4ff(DT F T LCDGOfSJg 
^*-T„ l8(0(l)ia a WA (2)«y — ^ 

(3)B^-hK7^^ (4)ttB«iiaj:U5ffijjg|Hl 
Sg< (5)|JTFT, ( 6 ) tiffoH-fe^K (7)fi3^evmil 

hm^foZo y-hK7-f^(3)it xJftyK7-f 

[0 0 0 6] ^^y<^j^(.l)[cit x ltfdDJfy x&fc± 
(cjg?a-fe^(6)!iW b y i>^t*ci-ffM^tuTV^„ LC 
DrojfgE&lsli&^bJLSi:, ® B B B -fe^«, sg»fe$l^i:% 

[0 0 0 7] TFT(5)©y-^iS(j:, y — ^/<^ z 7 
4 ^Lty-7 K7^f^(2)©tt|*S^I-, y— h 
®tsti, ^-)-^77^y^uy-hK7^/<(3) 



SJEfi, TFT©KWViiOtfifftS5„ 
[0 0 0 8] 7-7s K7-1'^(2)I± < TFT^Ltf^ 

fct), y-F K7-f^(3)lt TFTO^^yfy^Sr 

ai(E]f§(4)[±, ;o2llo h'7^^(^-1' 5 v^ft -st- 
ir iEfbmaimjE 4 if Sr«^-r stox^s. 

[0 0 0 9] TFTI1 — 1©7^ y^^f^T-T'fo 
5o ^-WKfN*. n-F E T (Field Effect Transistor) 
{-MTV'S,, mffi, T^SLCDidii, if t> a - S i (Amorp 
hous Silicon) T F Tii^fcjXtV^, fcfd'U a -Si 
TFTIt On«^fl^<(SMQSS), ttfg^ 
tdn-FETMiK&li&V^ y — ^ K7^^IHM 
•7- 1 JSfB-fe^COFBlJClT F T^fi T F TOO n }g#C 

[0 0 10] r.07tis6, a-Si TFT LCDflt 1 

zK^as^sirart^ « i ( 1 t la-immm nm&-t>i> 

R T (Cathode Ray Tube) ^poly- Si TFT LCDt* 
(1. B*^f-§-ii, 1 Ks> FfoU 7Uy-7^^H50t 
M l/T, a -Si TFT LCDTU l7-<^©!*t 

[0011] VGAOLCDt'li, $t 1 ?T\ 640XR 
GB= 1 9 2 0<@(OffiB B B -fe/W^|W]^[-^fl;^^x§ o 
U 1 9 2 OffitDfcb^AST-^frx.Tc I C©«l^Hg 

SST-K)^4v>y— * K7^/^ i c^St«St5d 
ra, l cDroiEiijiHiss^^ns^ww^-e, ftfcStfffi 

[0 0 12] H9lc:y — ^. K7'T^©7*d-77I^^ 

T'ATJ^n?. tcoir-TSo 1119(1 l)tt->P7;W/^ 
W^«&5VMJi/7hU^^, (1 2)tt7yffc 
5V^(47y 7 7"7B7/, (1 3){*7 ? ^^^/l'-T-7-C2 

^M(dac), (i 4)tttH^j^s'y rfoSi/Mi^-^ 
ryy-r-foSo 
[0 0 13] y — ^ K7-f^ I CcDA7j4ffi^-Wt 0 ^S5c4: 

^-yy r/w^ wu»lt7 •y^i.fzm, dac«> 
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[0 0 14] #*S % 7=4 i/f^y ~y^<Dttt><9 C7tn 
*tf>»-g\ DACIWgtfe5. 7c7c\ T-^-a^^Sr 

[0015] VGAWg^ LCDlpKoJ 1 9 2 0 

7V<s/y rcotSf-l-d, h^v-v 7 ^.^ lflicoMitc^fc-5 

LCDiftm 1 9 2 OflatCOMf^fco/iTiSSo 

s/7°«, (Sir A/fPn^ic/i^^Vv t£oT, DAC^ai 

[0016] a -Si TFT LCDWV-^ h*7 

/*<£>ffl;*J/< 777 J4, sJ— 7^ ^-^T'8b^-t-n(±* <t 

y V UVv^StftCV^^SRail-To-Rail 

[0017] y-b K5^(3)f4, by 4 

wonu {sv^mK^^nip-r?, t TFTiio f f-r 

lft©MiS^t5„ 
[0 0 18] &:}o x STNM©LCDIt TFTtOi 

bicmWt£tir\,^Z> (14L). 

[0 0 19] iSfct^ LCDC0^p n o{i(C^^^S.f^-rj^: 
Bi:-?:<£>*J-^^o^Tjjfi'-<3 <> Hi 0 l±T F T ( 5 ) (DM 

m^mi-zmmz^i-o m 1 otciov^-ccsmTF 

T, (6)(±^H B B ir^, ( 7)143 ^-vmffir-fc So (2 5) 
(4, y-h7-ryt KWylWOj^MiCGD, 

(2 6)u7-7v7^vi ^mmmcDnmmmcs 

D, (2 7)f4, KcOV — 77-f KM VlgroFI© 
^iS^fflCSD' , (2 8)li, y-X^'Oin^yH 
RB<7>S2£^fl: C SCT-fo 5„ 
[0 0 2 0] ^ B B B -fe7KC^Em$tlfcm#(4, iffefiJ&fciSr 

[0021] ttj^UTci ffiS-fe/Hi. ^St±A^ 



©LCDfll i&Mi-tMz.mi£$:WlJU-fZ>km<%: ; b 
It Sir. 2fctfl(«i#f+#)*S3B*-t-5wi:*ss. rixtt\ 

[0 0 2 2] ^COMmt LT(4, 1 SaUlSBSt-fSfi-fe 

(4, :M7v-ASgtW ( ^u-^stecoism, 

=S-fK H ^-fe/U{Cf4, 6 0 ~ 7 0 [Hz] <7)i£#GD 3 0 

-3 5 [Hz]<Dmjfm<D$immi£tfmu£tiz>z- t\z?£ 

[0 0 2 3] 7 u- ARlg^Mffli-St. 

gi, G2, G3cojil[^^Si-5 fcroii-So =i^E->Sll<75 
B{££0[V]i%;t7ci£<£\ y-* 7-f V S 0CD®{£ 
ir, KW yfiD 00*3 J; T>*D 30(7)^4 £U l l(a)fc 

[0 0 2 4] ^ H -fe/HC3tea^^fc«^f4. TFTCO 

f f m.m^mmfcmm^-t)*'frisX@i*\z.y--^7 

^y|:Mt5 t *<7)4(4, 7-^7-fyt KM^i 

#®^*csD^^-LTy— vicasif 5, ?^ h b b 
-fe7i^Doo(4. Hp-feST^^aKitY- 

L-^U 7& f fs-feyL'D30f4, ^^ri^tf U4"P><i£ 
[0025] KW ^ffli^TJ^m^a^tf 5*(4, 7^ 

*^5^itT*i4ncv\ 

[0 0 2 6] r(750ijT-i4, ^— b7-l'>G3(73i4tl)i--5 
M H B B -fe-/K4, h VG0CDIEtd-r5fSB|-fe^<t 

i^i-^m^^m^^tz^h'oxh^ n^(-i4, © 

*H^T-(4, ^tb^=i> by* F©MiW. 
[0 0 2 7] h(75f®#4^[H]jffi-r-5ic:[4 N 1 tR 

I4*4l\ ^5>-f-tt(4\ 7-77^>©ifi«C5te 
■T?,OT-®E^{$:7)^-(c:Kfeol?< 
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[oo2 8] ^wM^m-^r^h. lfrw-mmmc 
y - * 7 -o t => ^ ^mmm <d mmrnm. c scco^m^ 

[0 0 2 9] 7-f >S^5Sr b/ci 
oolftt, KW >-m^Doo*3J:t/D30(Offl;{i^ll l 
i(b)to:^-r 0 7-r >-ste-era, iitjf»©racy- 

ay h^^hwfimfifi^ns. Ua»U 1 

Si£^ffli-|3gorw^!±\ mEE«p-p(Peak-To-Peak)iiS 

[0 0 3 0] 7-fyS^t5L l*5pJl»W2fgffiO 

ftwS§-£-efc, ^*EiffiT-fcf-mra\ CJl»<Z>£8fcm 
^iy-^7-<vi:i5^, ft ^coig^I^/h^Gor-ppI 
Jgfc&tJKX l*¥il»S(-y — * ^WtiJ^) 

[003 1] V^, E] 8 COL CDfC, E] 1 2 ? #H 

SD&7TLTS£i££;Jx-5o y— K u-Y vlS 

7-Y VG1^31tR$^, ffotHr/UDlESr^EmLTV^i 
I, D00-^D22 J ^D32'b'>U?Em$n5o M 

v^eg^^c7)±T^B«cfeofS< ^i9, mi 3oi 5(cm^ 

[0 0 3 2] r^^5^#-rSi-(*, ffiel-fc/K©^*^)'?- 
5„ TFT»Onl6fetSr?rTffTjfEm^S:Mi^-rS* 

JftLfi, 7 , -hK7^/<0^^h777 Pj ?> 

[0 0 3 3] ~cr-H, »J«0*j-SE«rSiK-r5„ HlOco 
i^K:, Ku-f yiiiloy-^7-f >-co^l-(4, # 

SSfiCSD' (6)^#S-T5 0 ■ ; £-CT-CSD=CSD' ir ft 



[0 0 3 4] 3\ Sffi^^H^^Sr^Lfcir-TSo 
rrott, y—*94 vie, UttSv^efc^fS 

ffililH] ISfCfc-So ±oT, t,LCSD=CSD' y 
— *7-f vo«{£ro^t&ristB&£*u KWviiol 

[oo3 5]*«atm i!) D -5y-^7'fy^ 

te^ra, y— ^7-r yjc^o-cv^sft^s, s^^sc 
SC^^ LT = ^ yliffico«{ilc:^S^S:i?i-» £B5lti- 

[0 0 3 6] y u— A^teir 7^T ^Wfeb hSSsS- 
#ffl-f"-5 t , 1806X4 = 24 Ky FOLCDO#$ 
Hl-fe/Ki, H 1 4C9.J; 9 ^^ttT'JtS^tbSo 7U— A 

[0 0 3 7] 7-r>-Stel4. -s^PJffi?r**b/c^fc 
[0 0 3 8] Ky hStefi^ 6> B^, m<?>^<? WW^M 

Lttir-fes. H\ ->7y, -vify^, Hfe 

«-<^iiIffir"«, ^^^^:-t 5 § o *7-LCDIt 

v\ ^c*3, HI l 2 co J: 9 CS-^H©^^ co^-V'pjffi^c 

[0 0 3 9] ^-C^g^Ky hs^ttffiat 
^S»f4, Hi 5coj; 3^mfe«il60®^T-fcSo J;< 

[0 0 4 0] b^l^U, SfaTV©*^ ^ffld-t^PS 1 ? x 

-era, *n±, rto<t 9^®^^inn^^/cit.T'fo5o 

iri^^^ OA(0ffice Automation) ffi^CO^E- — ^ i: L 
TI4, ^**raHlc*4. OA«t*li, ^PbI^^xi' 

311^, Windows 95CO*l-T®ET\ M ^^^"a{lL<D^{t 

[0 0 4 1] x-ff-'y ^^fc^fctOi: LT, ^^ffi 
iStC^Sc^-yrT^PifllS^^^i-S F R C (Frame Rate Co 



ntrol) t^«tb5ft^s&So rftSrfflv^i:. 7U- 

[0 0 4 2] ifi*fs fS^^/K^WP^Sr-hlfT, LC 
H^Tct < 4 9 , y-^^-Oi KW ylSroPI©SE 

[0 0 4 3] LCDOfflt J; *) &ffiiM.&.X'& 

Si»lfiil;->7MTjr^5. LCDC07k3275ftC0 
fl¥fcg&Jhlf y-*. Ky^^coft^iffi^-coiS&Sc 

&vm< r.ite4v\, —75. Si£*-(B]W^gSr±ff5 

7k¥Jlffl£r@< L4l7tUi*4ib4i/\, ^.cott. 3- 
^-<fcliM(c»Px.T, 3£®^CD^gtfS*:#4FB^K4 

-§-asy-*7'f V'Jcs&SWt 1 . CSDtcgli- 5 Bas^i 9 
< is, 

[0044] fjshi id 4 5 cote, y— viciSojtft 
^§-7cteT*te4v\, y-h7-fvi:Sofc«f|ft), C 

f— h7-J >-G0milLtf-l 0 [V]C0t tTFTyjSO f f 
U 2 0[V]«t^Ont5fcroi:t5 o h7-f7 
0 [V]7S>fj 2 0 [V] (cJLlf -5 £ , CGD^fRS 

[0 0 4 5] L£»U -STFTz)!OnLtLtili 

y— K9-f ^(-£5 km >-a;®cD^Em^^*-5co 
-t\ r^xtep n ^S(c^t,^v\ y— h 7-f ycoWi 

£ 2 0 [V]/J>P>- 1 O [V](CTtf 5 h'W >-W.M<DW. 
{thTA^ a -^COIt^t-TFT^O f f-f-SCDT-, ~CO 

-7*— F7-<y»^LTLS ?C0T*£>5 0 
[0 0 4 6] L,ri>U CGDCO^^{C*)-r5*J-*te, J£& 

izX^X&frZcDiz.ttl'X, y-h7-f 

t>* ^Mf-^-^ s ^nTV^C9te, VGA*f>4 8 0tt 
2>y— h 7-f ^ CD 1*9, 1 */ct7T'fc 

5 0 -CD/c£>, CGDCDj^SrjUtLT, fc<b/<>>£#>y- 

■So 

[0 0 4 7] CCOJ;?!::, El 1 0 iC^i-#jS^fflCGD 
(8)^CSD(9)C07cJD, &®&m%r\£tt\sX. TFT© 
*4 yf-lsym+k LX.(D®£t>iB< 45. 4*5, -7*- 

h7^yt y-^5-f yRHco^^ffl:4t*te. KW> 
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[0048] #cm, =>^^s:e.m.mi^\,->xn&wi-z>o 
t>z> 0 1 m&ftim-rzt e< 49, 5M&- 

PP*Di-5i:^< t£Z>h<Otiri> a 0[V]H±1[V]«T© 
®*<fc, 5 [V]^±coffl*gX-te, ft^Rftfe&s&fnLT^ 
5„ 4*5, ?^B B B-feyKcAcomEE*Pn*DLfcir§:te, ii&itt 

[0 0 4 9] ^S-tr^^H] 1 6©±^ 4^tt£f$oi§ 
£\ — ji,, y-^ K^^ri* 1 [V]^±5 [V]«TcofflB= 
£tti73T-£;Jxte, LCDSrlBt!|-e#5J; L 

73 b4itftte*4b4^cor-, ^fcfi, -5[v]«_L5 
[v]j^tco^-y7-5 ^uy-y«^M5. 

[0 0 5 0] ti^ri*, -tbr-te, iW*5[V]SI± 
coy°n-ir^.T-y— * K7-<^?r^jgi-5- t/J5x*#4< 
45„ 1 0 [VMffico y-* K7-f 

^co^y^-i'XcoJf *:£t8£, = F7 s/y°lc:o474 s 

iftte, ^^yWMnmiiL&MiX^Zi fccor-fc 

•5>o 

[0051] 117 (C7^ySisi ^^eySfeiEEd^^ 

igUT'te, ^^&y«®(-te, mcoj; 5 4Jg^jffi/i 5 A73^ 
H5„ rco^J-ete, ^^e>®ffico«{i^ i*^PJlWfe(- 
3 [V]coSiH-c-So-CV^5„ o£D, *g^iSco^«tel 
* J PJlWco2f^, P -pffite6 [v]-e$>5 0 rcDi#, y— 

^. K7'f^7)54 [V]coy-f -7-5 U-y^L^LTV 

^vMcfc^id^bf, fSfa-fe^f-te, ± 5 [v] commas 
[0052] = Ssigl* r-te, y— ^K^-r^cosa 

h^jf £;LbtL5 0 *7t, y-^ K7^T ^cotUTJ 
/^7r?r4 [V]m#sT'iEK)T'^ 5C0T\ *N»m73 tJf 

K-y hK^a s 7?#4< 45 0 fcfc'L, 7U-i»gg 
^ 5 y ste 4 h si m X h Z> o 
[0 0 5 3] ZtUZ-M^X, ^^isWMlz.W.ffiWJZ&tP 

jpl, rnm^ i o mm&.<D7'B-texx$tm£*i-tty— 

IHKii^^ t(ci-5„ ^J^te, ^^yftffico*l;{it*5 
[V]-^i:L, jSEfe-fe-'i'SrjESttd^Em-rS t #te6~ 
io[v]comffi*, A^tt^Ttm-rsif teo~4 [v]co 
K7-Y^<^f)«^ttitfiv\ rcoir#co 
^-eyii:?j{Elg»)icio(t5 3^ymilcom{i, l&coiifc&fi 

■§-C0®&, &C0B*^{f -§-C0m{ji:^r, IHCil 7|OTt. 
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[0054] =>^>m:^mwjX'a s t<o^^±A^-rtz 

*6, #iII2, b'v hfcfcAlftt>tlZ> a Z<Dk%, iCy 

[0 0 5 5] mte.<Dmtl:Z)iSf§r&m&f\cm?)-tZ}tzlt>. 
gi|£lES)<D^tLW2{g<D#l^(;:&9 , I COfy^ 

xas*:#< DACi;«t?,7liffl»£2Plli 
»^^2^i^iix., i ci^y v MaKSffifTJiaross^ 

©H^y7r £ l o [vimaS-CigBSi-Sfc*, /^y 
£(2, ^x!JIgi&<7)^m§cD^-*ffli£T?i2, mz. 

[0 0 5 6] ^-^^SlEiglljtt, fi?^^Jtgj^{g;< ^7 

T*HiISTv< yrU ig»<75i^-S<75^^ L C D (x* 

[0 0 5 7] —77, iiift?^ST-^:®ffiW*^B**a 
-f-5fc£>, 7K¥*fc«Sil:7-r ^ro^:Sr#-< LUSHES: 

< -T 5 £ «-B* Sr3E»{i:?EB*s-e* * < * 5 - i & 

7C1 0 

[0 0 5 8] ~ cO^HiC^U iHPI¥7 - 2 8 1 6 4 8 
1, ^2ro{f-§-^ro=§-^,^JC^tt-? ? ttil^^(TFT) 

Bd^v-c, ±f£^icDm-§-^*Sii:73i^^2^Jb(c^- 
Sr3SSci-S -kE#*l<B*!tK:j& CTB# 

[0 0 5 9 ] fflt Lt, ^ltf>jf-S§-*jlSr2#§iJU 6«t 
x 4^Tfi0^^^e?r 2-&tfe'<r^ofc6+f : fx 8tTC0^^ 



|p](C S0~S5i SO' ~S5' fC^iiI-?-5„ 

[0 0 6 0] -tLTi©^f]Lfcll <£>-ff -5§-i&S S 0~ S 
5, SO' ~S5' i:^2<D'ff-5§-j§&GO~G3, GO' ~G 
3' kO&i&fc. -«*8SLfcNfty^FET^ 
"bftS^-f ^^Vi/^(5)SrlS(t, Z.<D^^ y=f-^7 
m^F(5)\cy- h K5>f'<(3), (3' )*»fojfefi«*V 
G0~VG3iVG0' ~VG3' ri^S^I*] D la, D2aid 

[0 0 6 1 ] #^-1- ^^^^^(Sjroteiffill^n^n 
»lt/K6 ) Srii C"C*tl»I«ffiC OMfflf ( 7 ) 
ttS„ *fc, y-^K5-f^(2),(2' )(c(4*J^*5<t 
t>*«^[H]Sg(4){CJ; I5®Ecohij^, gm;:fi0#tte>ix 

tistsf ^-^1 1 9{^-r«t 5(-y— y. K7^f^ 

(2)iOHSO~HS5 > V-X K7-f^(2' ) <fc 9 H S 
0' ~HS5' ^tbT^tbSo 
[0 0 6 2] r <Dt&&\Cffl7frrZ>m tlilWKtlfft 

o £ # jfe* ft tvGotvGo' izmmictiiji z tim&.m 

lR£th^ Ml:VG3iVG3' ^[H]B#(cStR$tifcm, 
tK(T>~7 -i — )V 9 , ffl^VGOt VGO' 7i^jfeS^ 

[0 0 6 3] miviiixfi*, W%\z. 2 o©i B B B t;HcJ 

tii-tZ. i ft < , ffi B B B ir/KCB#r»ltt#S LT3fe«T'^ 5 r 
tti&S. ^JT*«2^#J-C-fo5/05^#J^:Srti-^-rr £(c 

^TfigK-fSririS-C-tSo Sfe, rtbf-J; S-VGA 
(Super Video Graphic Array) IP*, ^ 8 0 0KtX^6 0 
OfTOLCD^iEib-rSS^tf^oT, U-XGA(Ultr 
a Extended Video Graphic Array) lP*,#t 1 6 0 0#tX 
8*1 2 0 0??<DLCF>&m$Li-&Z. htfX*%Z>» 
[0 0 6 4] CRTtcntl^ifflCt5rt5i, £5 

CDO^, il80lf B ^(l)lr, ltfccD-^-tf— 

li, BlciiSi4v^>f>tfe?> D ^(Dtztib, if 12, 

[0 0 6 5] I118WLCDT-I2, ^SffiidOTi^' @ 
fi^^yjs, J§E»)IHSg(2, JiTf-^tLTV>5 0 LT, 

[0 0 6 6] (i]20£rffl^T, i (7? L C D (DfcmmZWl 
W-tZ>„ 1160(1)12^^^^, (2)t5<tt>*(2' )(2y 

— ^K7'f/-«. (3)*3ir>*(3' )iiy-FK7-r^ 



(4)*5,fctf(4' )nfflffl&£ZfinM\B\&. (5)liTF 

t, (emjfoSHr/u, (7)Joit>-(7' )i±^^->-ffi^r- 
(i o)f±>^-y -c-fc-5,, 

[0 0 6 7] ^Jx.fi, Bffi»TVMSrS<tt5 : t=^ 
ftfe, (8)145^ — 7% ( 9 ) f±*S*^:cD^IalS§, 
(l 0)(4®{£^y JblSSiJPlHl8S(9)«, TV 

«»ur, ©Jfli|H]|&(4)*sJ:tf<4' )lcS9^ttSto 
PCffiro^-^/iE), ( 8 ) fi-^-r ^ n/nty 
OJlit'rt^yl-o-y, (l OlifftRAM 

(Random Access Memory) (•! ft <5 0 

[0 0 6 8] =>^>mM(.7)$5 3:Xf(7' )f4, HI20T' 

7^.ffi±f-j£^5^a;SiT-fc5o ±fc, 12 2 0 fc^i"^ 
&'<*^<o±.¥ft<r> ^mM ( 7 ) ir T^co = * >m 

[0 0 6 9] TFT LCD©$|/^/Hi, TFTt 

£?g fig L 7t # y x StR i: <£» Pal (' , ^ B B B **£I-£#J- Dii T 
f^Pj^TV^So Btj^W^7XS«fi N g^iffl^V^, K 

ffifi, S^ft^m*^©-"^-^ - y £rf£5 fe'ltfiS 

fig-T-Si:, fe»3^ylS(7)i:{7' )fi, M&L 
[0 0 7 0] 

[fSK/S^&Li 7 k-fZWkM) Jbfat£*gE#r(£>i 7 

335VLbfc^2co{t^Sry- h F7^^(3), 
(3' )tmmt^YGQt VG0' SrfiJBfSctti^U *S 

3tVG3' aSIUBfCliitR^tL, ft©7>f-/UKlC^i3, 
f?t>'VG0£ VGO' *»b**i-5IE»S:fi 1 ofc#-e", y 

- h Ky^^r-itt^nsflrf&roy- h9-r^G3 

fdo^7jssjRS-t/K6)i:y— h K7^f^(3' )T*fi#J 
(-31tR$ixSy- by-Tyco' KofttfSSflfcHt-fe/u 
(6)14, #SULfc«J?-«:«MK XTT-»0^e)/55 N 
bofcik-tMzm%r$:3EW.1r2>?4 S. 1 7 u— A 

CD 1 / 2 rostra Mft£„ 

[0 0 7 1] ^<Df;:£>, ^tubCO^al-fe^ 5 , — *?Em 
£:ft,T*pib#;<£>y-f-/u Kt-»^l^ft54t-tB^ 
-r5SSl<Z>m**S0~S5, SO' ~S5' *»c,S»tSH5 
IP^WTwi 7f-gft5 0 I2H9I4, 
ft-h5r/Ttt>OT\ y-C — /u KKIci 7-f V&$5£ 

[0 0 7 2] 2}folEli(7)CDCOMlf-$§-£ 1 y-f— /U K 
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fefcsfe-r sigib&w-f&w-rs, 17^ -/u k^t, 

0iJx.fi^^cD(l— <£>^S:fTo7i4§-£\ ffofHr/u 

Fh'7^^(3' )<r>>?— hy-(>-G0' icmm&fo&Wi 
B B B -fe/u(6)l4, 7^-/WK©SSJi: > *fcy-hK7>f 
✓<(3)ro<7*— h 7 ^>G3icit^ii5^yfyt(6) 

[0 0 7 3] ?l$HHr/u(6)±-Cfc|U— co^^f-^-*^ 
-fSfcft, y-h7^>-G0' t-g^tLSffiffB-ir/u 
(6)f£5fem£*t5*^ft-5§-rou"</u£, V-^7^VS 
0' ~S5' (0\t% u-i/Ufi^LV\ ^cotcib, V—hv 

y-*5^yS0' ~S5' 75^Sft-5^f4/J^ < , i 
rc)fKa|-fe/u( 6 ) (c^tt^nfc^^ft -s§-05#'ffc;fl:f4/h£ 

[0 0 7 4] L75>U 1 /U K<75*^tC3f£ffl;$tl-S 

-7*— h K5f ^(3)©y- h7^f VG3fC^i£^tbfc^ 
Bl-tr/u(6)IS^^f-^-^?Em$tbS t , 1" 7 -< 

-/u Kfd^So 7 ^ — /u Kf-SS £ ttfaWfe (7)<D 

* 7o 

[0 0 7 5] ^rWfctf), y 1 - f7-YVG3tgl$il5 
ffiif B -fe/u ( 6 ) {C7t® $ tbtzm^it 5=r<n u-^</u i: y — ^ 9 
4 VS0~S5cO{f ■^•u-^/Ufi^^5 0 t^oT, y-h7 

^go' (c^gg^ fc^sfs -fe/u( 6 ) ^ y — ^ ^ > s o 

~S5^P>Stt5^{4, ^-F7-fVG0' ~G3' }C 

Ki0E$nfc^HB-fe/u(6)*sy— ^so' ~S5' ^ 

nfc^ff B ir/u( 6 ) fCTtS^twtSl^l ^(DgitmittZ 
< ft 5. 

[0 0 7 6] ^r©fc£>, Sii;(YW)*-[^c7)7^ VcO^# 
T'fo5y-hy-r>-G3tG0' (^^^tbfc^ B B B -ir/u 
(6)T-f4^;i5aft-5o mi4, ^»l$^xfc±TtOtt# 
#ifico-t?/ur-t(SJC-Cfe?), Bffi^taS ir^J^tL 

[0 0 7 7] -ooj;5(-, ilol^tT^tlA 1 
PjT^SL, ±.¥&&y- hy-Y >G0, Gl, G2, G3 
^fcT^^f4G0' , Gl' , G2' , G3' cOHIfC 

LCDfCiSj— ftli^^^^^^-a-J; 7 i LTtlH2 1 
*^-i7(cn>-by^ hcoiSM^^b, 5>fiJLfcXT 

^ 7 Po'JJg ^foofc 0 

[0 0 7 8] rntiy u— i>-ixte&fi?ffl-r5ir, y— ^ 

Ky^^^c75tt)*SJI»HI4^R^LT*^, ^hUt/u^s 
S3£ffi $ tl 5 * T-C0 ^ It nfi * V MS i* , fS B B B -ir /u 

$ns^7jfg-ef4ftv\ 



[0 0 7 9] ±izEi-S £ 5K:liE*:JLT2$MMU _k¥ 
^tT^tlA^T'-jlSLfcirt^ ##JL7cJtTPl 
II©Iff«li^l^f5 ©l^li> 2 

PlfifKi^OilttiA^T-, SfcT^cojliffili 

[0080] r ±TP5iiffico^#a5^[c{ie-t- 

5£® B B B*A-ii|^eatd?E®£ix5cDT-, 12 2 1 (c^-f 

[0 0 8 1] -CDJ; p^Mffi+^T'^r^t-S.ttfcK 

[0 0 8 2] r©i^, ±TnE5Bffiro*#^^-{-{4:@i- 
^^coi§-g\ ±teco<t 5 f^fif-ft-S i b fiftv^, 

II ft £ V ^ V ^-g- CD $ £ tz tf Sc" ft -5 „ 

[0083] ±y&-tz>±Tmmmimi£Lt^ft 

t-{iS-r-5(5iiiJEcoy— h VG3t GO' li[W]B#(i7fe 
*£;ix-5i, ^rcofcfttc^^-rSPp^M^ 2ofo-5 0 |g l 
cop B ^(i±^-rS <£ ptcy 1 - yG3fo5WiG0' 

i-*^^nfc^ B s B -fe/i-^it, teJ; t> mz> < mtzi-i^< ft 

[0084] TFT^Of ff5tt, o£ 9, y*— h 

ii gi^ti^^LCDm *©iKS©iS 

AS, ^cD^-hy^^^fiLTi^Sit^t^lX, 
[0 0 8 5] y— b >G3t GO' 75S[S]Bf 

ft5„ z.(Dtzib, CGD&iimt>k-tZ>&m&m;<DmW<vn 

tiCft-So 

[0 0 8 6] L CDCOigtblHlSS^Sff-t-S i: #, CGDCD 
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SrfeP>ri» Unfits L-t*5< r i^foS, £-.5ris x y— 

57-f vfetc ^ cofflS4§:Sxft(tn«ft bftv\ ^ 9 
LftfttUi, HB'PfiCD 2 y^f vffft, ftiKOy^f >t» 

[0 0 8 7] ^2 coPb^JH(±, =i^vg:temf4coy— ^. k 
y^T-fi, l 7-f ySCitt^SetS^'fvSlEis 
T'tftV^C i: T'fcSo 12 2©(a)li, ^^E-^SteiEid 
COV — * K^'f^r*, Ell 8cDLCD£iES>-t--5i:£cD 
If-^SE^cO^lT-fo-So -»it't, y-^K7-r^<^tj 
f±, acos*tfe(t-§-^m^)$^TV>5 tcoti-5 0 rcotffl 
r-fi, y^-A- KR$5t y-r ysfe^ffl LTV^„ = 

K7-l'/<(2) i, TfMfiStSy-^K^'f^ 
(2' Stcl^Cffittwft^sa^^ttS^ttc 
ft-5 0 

[0088] rcoir^, ^HB^/K-R^P^ttSmEEco^l 
tt&EI 2 3 {i^i-„ ±ilit5i2 2(a)m BJEI 3 * 
c0 2*coy-Y ^G3tG0' 7)5, IEL< y-f >-Kgr*it 
v^fti^c irjst57)>S 0 i"-5i, 7 , -h7^'VG3tG0' 

{-^^^fcffiB B B -fe/ucojiiz2(-T'#5mm^^i*, tew 

fcffi-cD^riS. ffl;M^J^co*-|fi]^^< CfcSrfiJfflLfcte 

<b, **CD2 v/£(tBJl5 < *fciiBf< ftSJjfCHfcft 

[0 0 8 9] ft*3, 0iJx.fi, El 1 8 coy— h7^ >G0 
±coffiB B B-fr^Sr?EfiL,1i?-x.fc:B:m, -Tftt?^, Gl±co 

co^ B B B-fe/w^|flC®+t^?tfffl;LT^S„ L^L, rcoBf 

l TK^Jl^JfcSi^-rtHi, GlJico^al-feAfi, 
GOJicof^Bl-tr/i^t^ttfc^Ea^tbSo rcoi^ft— 

[0 0 9 0] ±taH 2 2 CO (a )©Sgtt, — B##J 

ftt>coT'liftv\ ^^-gcoj^Hfi, BO^jy-h^ 

yG3tGo' izmmzixtimik-t^TiK t'^h-h^cm 

[0 0 9 1] H22(b)(4, ^— Y=74 VG3i:G0' _b 
co® H 3 B -(rA^Mft'5ffi'l4r-?E«-t-5^cor-fe-5 0 r<o^ 
jS^^^/K0±^5>co = ^evffl;®(EI 2 oco(7)) t 
T^co=i^^^(iii 2 oco(7' ))fc, {itaco^fts 

=**r>m,1&o>mtfM%&LXl^Z> b, cco^r^f^xft 
v. t ^^>7js, gEfciiE-ifci o {;:, 2oco=i^-yffl;<lSr 



(10) 
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[0 0 9 2] 12 2 OCOy — y. K7^/<(2) t 

(2' )Sr**5«JK«E-eW»-r'5*ffit#*.5>Jx5. 
L;0»U -?:<£>i§-£\ Mffll|HlSS(4) t y-^. K7-<^(2) 
roP^ti, fcSVfi. (4' )£(2' )C0F^IC X tVv^/u 

[0 0 9 3] t>*>*>A/, ^I^^^e^iSgiEigtlj^SrSg 
ffl-TSrofi, ro^2coF H 1jg(D^M0^ft^fi?^-C-fc 
So L^u iro^riCfi, y— * K^^cDtBftffiTjo 

vBijfEfEWjcoy — K7-f^T*ig®i-r5«0fi, =>*h^ 
[0 0 9 4] #3§l51f*, *^5:ffcffi£i£^Tfc£;ft,fcfc 

Tjit^i^ff S3 LCD 5r^-T S <b COT'fo 5„ 
[0 0 9 5] 

•7Fvh!J? X^7F^gl± s ffijS^rBl^iitJ 5 , w-ffiz-m 
1. ^2 W{f ^Mw^-^^ac-ttL-FniltR^T-^^LT 

% K StfS-r 5 H$|ffl*li# 3B L, fzm^ia £ , L fc JifE 
[0 0 9 6] 2tf> Ky h-v h y **^*§£Bfi. 

<^#m#tc*m5#fi?2<^f^a£, -htspa-rs^ 

U NSft±1E«ESSS^«J: <9 37fft(c:&|g 2 oft* 

[0 0 9 7] ft*3l3W Kyh^MJ y^St^igBii. 
fgjfcJgl <D Ky h y ^^^atctJVT, -LfEife 

^roit^^(C*iitS^2co{f^co^SSr, ±151$® 



[0 0 9 8] fS*3g4» KyhvMJ y-y^^^Bt^ 

t, zK¥*-(6] i-3£t>\ ^tTl-IBi££^fc1gi£0!&2CDfl 
#»i«rfifttt, rixboSfi, JS 2 of9-^i»©«-*^tc 

JLIS^2(Om^i:^tT(c ; IS»^»f-^fi|L-C, 

* 5 mmm mm ^ m^-r 5 mm.mmm ^^ms§ t , 
iSi£jafflfc5vM4a»«jfiiajajafii^a/j:5ffi 

[0 0 9 9] ff*^5CD V-y Y^YV ^^g^gii, 
ft*JS4© Ks> b-T' h y ^^^^Eicts^r, _htES 

[0 10 0] !S*^6tO K-y ^^^*^BI4, 
!t*JS 4 icfSttco Ky h-v h y i>^^^gi-*5V^T, 

[0101] is*3S7co K-y h-^ h y ? xm^mnte. 

m^^47bm.6<D Ky h y ^y^^^gi-*5^T, 
JiiaSitl3W«^-38*lEllST?^i-5{tffiOS/£5«» 

*S LfcSjffll»Jfm-<oSii:#i»*!IBI^fi*i-5 «t 5 

[0102] m$nM8(D Ky h-^ h y ^y.^^^e(4, 

[0 10 3] 19*^9© Ky h-^ h y y ^^tk^B(4, 
f**JS 4 7!»S 8 IS«6<D Ky h^h!) ^^*^at-*JV^ 



(11) 
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[0 10 4] fft#J?Ci o©F^vhy f^m^'giW: 
ii, M#Jgl75S9<£> Ks/ b^ b y enjoin 

JtJ^-rs^irom^i:ror B 1(c:|S:(tfctgtti^T-fc 

[0105] fi*JS HOKyhvMi^ ^^Sfi 
(4, ffjJfgl 0© b^ b y ^^^SlglCio^T. 

±mi&mm+tt#&m<?>isv ^^nmb^^^^^x^ 

[0 10 6] fjf^JSl 2 co Ky b-v b y ? 

i±, fijft^s 1 1 1 co Yv b-^ b v ? xm^mm^te 

[0 10 7] M*35l 3 60 Ky b-^ b y ^^$*SE 

fflft Lfc^SctfccDmffi/WJp £ tbT 

[0108] f#*JS 1 4 © h" 7 b^-by 
(4, fi*"Sl 3 60 K-y b-v b y ^St^Mlci^r, 

m\Bimt. ±.wmmwMx-ffii$.&tiz&tkm&jE$.mm 

(-9ti^tf/C^(-i^-^^«EE60t!gtLll'l60^^ 1/2 60^ 

[0109] W*3R 1560 K-yb-^by^ *^fci£fi 

(4, w*3Si7!;si 4 co K-y b-^ b y ? xm^mw^.** 

V^T. ±IEH^tt^T-«fiic^^-5^i4^ ! r B -fe/i-T'fe-5 

[oiio] SRff- 
co{i^i6|<Z3^#T-p9^?^-te;W4, [tl— 

[0 111] iS#JK2<©fl|fiSfc:.fcftli, _hTte$MWLfc. 
*^i!iEro^#&#«fc !3±MBI4TJ;?>Jb~, *fcT® 
Bf4±<fc !>T^ IU— 5 >-i/T*^S-r5 60T\ ±IB^ 

[0 112] |f*Jl3ro«fig{c:«t^ii, _LT(c##j£;ft, 
SSI4Ti D-h~-|5j-*-f 5 V^T-^a-T560T\ ±IE 



lt^^T-BSi-S*^60^-jgf H -fe/K4l^^i-^E s a 

_hi5it^^r-»^-rs^^6o^-fe/u 

f45£®fSP^M< tezfztb, ftil6O®^i:6OP B T6O^M/0 s 
5 t5S, iHJffi60JbT#ggB, En^»±iI)S60±*gpjo 
J; tTFKBC0TffilR5CD^ir/W4#{c:3fc#?E« $ tiZ 60 
T\ ®ffico±T4Sa5ic*3(t-5f&60®^t coFdJcoffS^ 5 

[0 113] fi#3§ 4 1 5 60^(^4ttl4, ±Ttc 

^WLfc**isaifc«;l&i-5i*ttfi-§-o?fl[ffiS:fiii:i3« 
i * s PiBiwMrao»»«^:it-r , n* ± 5 khs:£ l 

PJHffi60ffi^60^:SIS^|5]Bf $ ft 5 r t tfSft < , 
m£WiLm&'f tbii:Z>XM&&itZl\k&X'%Z> 0 * 
fc, ='^>'ffl;®SrB*^ff-§-607K¥fosvM4Sii:i^«ff^- 

(c|^SBbfc^Vu^S:fn*Di-5 l&6om®T"tS^i-5^ t 
dST'#S„ raxfij;'?, ±IE±TPl®E60^#a5^-e» 

K-r5p6JiliE60ffiSB60^^(^^^^-f § - £ tfS# 

<i») > ±Tfc#t<J Lfc^jifffi60^ n D a {ic60ffiT^«] 
itSii^-efSittt, SB 1 ©{HN&SriMBi-r* 

mm 60 1/2 l;t5 r £ #-C-# So 

[01 14] ±TiS]®ffico^jf-§-6ofiii:'jf^ffl 
WJtJSS&S «fc 3iat v ^©MiiiirawlJkotv^ 

zmw^u— ^mM&n 0 4 3^l.ti^56o-c\ 71/ 

[0115] ±mffiwffiicw&-rz>m\s.mmiw j i§r 
<D-rti=ti^mmmr^^m^^ir^<DX\ ±t 
mmm<DM^uxmmT&mmm<Di%unM&mi^m 

[0 116] Sfc, ±IB±TnSJliiffi601t#gBT'pa-r-5 

p5f® e co^fB 60 (cs^ ^ fhti^m * mm>& ^ m # 
ti, ±mffimmmmiw^<D{iLtt(Di*tL&&7£.-tz><DX'm 

So 

[0 117] 4fc, »l*3±TJ5^2COW^60i5!ifeajfC 
Rltfc®^mffi^ill^-r ; 5jl^^-(4, 7^7r^-> 

y ^>fcsvM47Ky ->y ^yiWSTFT^tML 

fcffil!j^^LTV>-5cOT\ S53ST-J.03>/ h7^ b60 
mtitz b'-y b-v h y £^x*t-5o 
[0118] 

(mmmm D^mmMm 1 »4t»*« 1,2,10,11,1 

2,13,1 4*3J:U : 1 5(cg|#L, ^MB^iTi-^ 
^#IL-C. JiiEBI4±^P>T^ 4fcT®B(4T^b 
±-[^H#(c^L, »fl^95T-60i®S^&^<-rt60 



(12) 
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[ 0 1 1 9 ] HI 1 tt^HJS^ 1 ©«fiE®T?&5. HI 1 

3£Wi?l Wlf^^Stt^fol-Sl-Smi: Si' ~Sm' 
t-#£iJU ico^Si|-*i:^^icoff^Sl~Sm, S 

ll~Mnm£rl3:ft, j/^>^^^Mll~Mnm(c:y 
-hK7-f^(3),(3' )75»e>**ft-^-VGl~VGn/2 
iVGn~VG(n/2)+l/|SMMDl, D2' tffiotft 

tL^B B B-fe/^C ll — CnmSrii DT^tloltt^SC OM«? ( 7 ) 

[0 12 0] Sfc, y— * K7-Y'<(2), (2' XctifgiJ 
fPfcitfSMB&U)^ 9®ffi<Dmi^ #^f;iig9# 
ft btbfe^*m^ s W^$tt, iStR^axTVSSg 2 COfS 
-§-^fc*f^i-5^ff^llI2(»^^ 5 ^tff-^— Y\z. 
/Tti7(;y-^K7-Y^(2)J:0HSl~HSiii, y — 

^K7-l'^(2' )±9HSl' ~HSm' TJSffl^l £*t-5o 
[0121] y- h K7-f'<<3), (3' JOSWJR^S: 
*Si-5WSJ¥<Sr^— h K7^^(3)liVGl-»VGn/2© 
illfC, y-h K7-f^(3' )I4, VGn-^VG(n/2)+lW 

2) -1~C (n/2) -mi C Kn/2) + l} ■ 1~C { (n/2) +1} •mfi, 

ifci&^fcf&BHr/i^ig i (Dm-§-^f)Stt5^Sfi, 
' #£sb "fe ^ C (n/2) • 1 ~ C (n/2) • m t C { (n/2) +1 } ■ 1 ~ C { (n 
/2)+l} •ra-Cfi, lCt45„ ^(Dtztb^ il©Mid 

[0122] JifHroi ?tc:*:|IJte^ffi(c:i-5i. ##Jit 

#a5WfSA-fe/UC (n/2) • 1~C (n/2) -m t C { (n/2)+l} • 1 

~c {(n/2)+i} ■mfi[^— t>4 % y^-est$ti5rot?, 

i<7)^fiJtt#a5-Ctt. »^fl/i< iSSiJS. r^^cT)?^ 

iB^w*i»ii:»ra©ftiftt::^ttSft;fc&, s^fcisca 

[0123] fc*3, II 1 fcn*-rH!fiJB!i8tt«*!IB«:± 
Tfc 2 5 »^#|-r6^'blB3^ 

^fitt <£>if&s!i r* te 5 ftfKO&^gg fc v > x h mm fc Hi£ 
tSrimS, 0^L/c$ H B B^=g@<£>t£j|? 

[0124] (» 2 mmftm)*mmmM 2 1 , 



3, 10,11, 12,13, 14*3<fctM 5KlBlfiiU ^ 

[0 12 5] El 1 £/S^TtftBJ-^5i:, SH^ft tcMfi 
Six, ¥tT^E89:*ixfca»oSBiw«-§-i»SrSii:*iR] 

(CI S 1~ Smk S l' ~Sm' U ~ ©#t<J t 

1 Oil -^-^S l~Sm, SI' ~Sra' k%$ 2 (DiE^ffiiGl 

y^vypg^Mll~MnmSr^:(t, ro^-fy 
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(54) [Title of the Invention] DOT-MATRIX DISPLAY DEVICE 
(57) [Abstract] 

[Problem] In a dot-matrix display device in which a display 
screen is divided into upper and lower screens and the divided 
screens are simultaneously scanned, the difference in the 
luminance in the boundary portion of the divided screens can 
be eliminated, thereby increasing the quality of the display 
screen. 

[Means for Resolution] In a dot-matrix display device in which 
a display screen 1 is divided into upper and lower screens and 
the upper and lower screens are simultaneously scanned by gate 
drivers 3, 3', adjacent scanning lines G3 and GO' positioned 
in the boundary portion between the divided upper and lower 
screens are scanned at the same timing. The scanning orders 
of the upper and lower screens are controlled so that scanning 
can be performed by shifting the phases of the vertical 
synchronizing signals of video signals, thereby eliminating 
the difference in the luminance of the scanning lines G3 and 
GO' . As a result, the display quality of the boundary portion 
between the divided upper and lower screens can be improved. 
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[Claims ] 

[Claim 1] A dot-matrix display device including a plurality 
of first signal lines extended in the vertical direction and 
disposed in parallel with each other and a plurality of second 
signal lines extended in the horizontal direction and disposed 
in parallel with each other, in which a pixel electrode is 
disposed at each intersection between the corresponding first 
and second signal lines via a selection device, and the pixel 
electrodes are selectively driven, thereby performing a 
display operation, wherein the first signal lines are divided 
into a plurality of portions vertically and in parallel with 
the second signal lines so as to form a plurality of display 
areas, the dot-matrix display device comprising: a plurality 
of scanning circuits corresponding to the display areas, for 
scanning the second signal lines in each display area in the 
same time zone and for scanning the second signal lines 
positioned in a boundary portion between the adjacent display 
areas substantially at the same timing; and a plurality of 
signal supply circuits corresponding to the display areas, for 
extending a display signal in a time axis according to the 
number of divided display areas and for supplying the display 
signal extended in the time axis to the first signal lines in 
each divided display area. 

[Claim 2] The dot -matrix display device according to claim 
1, wherein the scanning circuits scan the second signal lines 
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in the boundary portion between the adjacent display areas of 
the plurality of display areas at the beginning of the scanning 
timing for each frame of the adjacent display areas, and then 
sequentially scan the second signal lines in the direction away 
from the boundary portion. 

[Claim 3] The dot-matrix display device according to claim 
1, wherein the scanning circuits scan the second signal lines 
in the boundary portion between the adjacent display areas of 
the plurality of display areas at the end of the scanning timing 
for each frame of the adjacent display areas, and then 
sequentially scan the second signal lines in the direction 
toward the boundary portion from positions farthest away from 
the boundary portion. 

[Claim 4] A dot-matrix display device including a plurality 
of first signal lines extended in the vertical direction and 
disposed in parallel with each other and a plurality of second 
signal lines extended in the horizontal direction and disposed 
in parallel with each other, in which a pixel electrode is 
disposed at each intersection between the corresponding first 
and second signal lines via a selection device, and the pixel 
electrodes are selectively driven, thereby performing a 
display operation, wherein the first signal lines are divided 
into a plurality of portions vertically and in parallel with 
the second signal lines so as to form a plurality of display 
areas, the dot-matrix display device comprising: a plurality 
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of scanning circuits corresponding "to "the plurality of display 
areas, for scanning the second signal lines in each display 
area in the direction away from a boundary portion between the 
adjacent display areas or in the opposite direction; a vertical 
synchronizing signal generating circuit for outputting 
vertical synchronizing signals out of phase with each other 
to the plurality of scanning circuits; a plurality of signal 
supply circuits corresponding to the display areas, for 
extending a display signal according to the number of divided 
display areas and for simultaneously supplying the display 
signal extended in the time axis to the first signal lines in 
each display area; and a frame reverse circuit for writing 
signals to be applied to pixels corresponding to the pixel 
electrodes to opposite polarities alternately in every 
vertical cycle or every plural of vertical cycles. 
[Claim 5] The dot-matrix display device according to claim 
4, wherein the time difference between the plurality of 
vertical synchronizing signals out of phase with each other 
generated in the vertical synchronizing signal generating 
circuit is an integral multiple of a horizontal cycle. 
[Claim 6] The dot-matrix display device according to claim 
4, wherein the time difference between the plurality of 
vertical synchronizing signals out of phase with each other 
generated in the vertical synchronizing signal generating 
circuit is an odd-numbered multiple of a horizontal cycle. 
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[Claim 7] The dot-matrix display device according to any one 
of claims 4 to 6, wherein the phase difference between the 
plurality of vertical synchronizing signals out of phase with 
each other generated in the vertical synchronizing signal 
generating circuit is set so that vertical retrace periods of 
the vertical synchronizing signals of the adjacent display 
areas are overlapped with each other. 

[Claim 8] The dot-matrix display device according to any one 
of claims 4 to 7 , wherein the second signal lines positioned 
in the boundary portion between the adjacent display areas are 
not scanned simultaneously. 

[Claim 9] The dot-matrix display device according to any one 
of claims 4 to 8, wherein a period during which the pixels 
connected to the second signal lines positioned in the boundary 
portion between the adjacent display areas are written to the 
same polarity is shorter than a period during which the second 
signal lines positioned in the boundary portion between the 
adjacent display areas are written to the opposite polarities. 
[Claim 10] The dot-matrix display device according to any one 
of claims 1 to 9, wherein the selection device is an active 
device disposed between each pixel formed of the pixel 
electrode and the corresponding first signal line. 
[Claim 11] The dot-matrix display device according to claim 
10, wherein the active device is an amorphous silicon thin film 
transistor. 
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[Claim 12] The dot-matrix display device according to any one 
of claims 1 to 11, wherein one terminal of each pixel formed 
of the pixel electrode is connected to a common electrode formed 
of one conductive plate. 

[Claim 13] The dot-matrix display device according to claim 

12, wherein a rectangular wave voltage synchronizing with a 
vertical synchronizing signal and/or a horizontal 
synchronizing signal is applied to the common electrode. 
[Claim 14] The dot-matrix display device according to claim 

13, wherein the plurality of signal supply circuits for 
supplying a signal voltage to the first signal lines are 
circuits having a dynamic range of at most 1/2 of a voltage 
deflection range required for writing the pixels formed of the 
pixel electrodes to the positive and negative polarities. 
[Claim 15] The dot-matrix display device according to any one 
of claims 1 to 14, wherein the pixels formed of the pixel 
electrodes are liquid crystal cells . 

[Detailed Description of the Invention] 
[0001 ] 

[Technical Field to which the Invention Belongs] The present 
invention relates to a dot-matrix display device having 
capacitive-load pixels to perform a display operation by 
line-sequential scanning, and more particularly, to a dot- 
matrix display device suitable for a high-definition large 
screen. 
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[0002 ] 

[Prior Art] Currently, many notebook PC (Personal Computers) 
monitors and portable TV monitors use thin, light, low-powered 
liquid crystal display devices LCDs . 

[0003] LCDs include a TFT (Thin Film Transistor) type and an 
STN (Super Twisted Nematic) type. Those two types are mainly 
used for currently mass-produced LCDs. The TFT type has the 
advantages over the STN type in the higher contrast, less 
display nonunif ormity , better suitability for multilevel 
display, and higher response speed, though the manufacturing 
cost of the TFT type is higher than that of the STN type. 
[0004] The structure of an LCD is first discussed mainly in 
the context of drive circuits. An LCD is formed of a plurality 
of liquid crystal cells. For example, a VGA (Video Graphic 
Array) color LCD has about 900,000 liquid crystal cells. More 
specifically, in a color filter, three liquid crystal cells 
having three primary colors, i.e., red, green, and blue, form 
one pixel, and such liquid crystal cells are disposed in a 
640-column x 480-row matrix. Accordingly, the total number 
of liquid crystal cells are 640 x RGB x 480 = 921,600. Then, 
one image is represented by this set of liquid crystal cells. 

[0005] The structure of a 6-column x 4-row TFT LCD is shown 
in Fig. 8. The LCD shown in Fig. 8 includes a liquid crystal 
panel (1), a source driver (2), a gate driver (3), a 
control/power-supply circuit (4), TFTs (5), liquid crystal 
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cells (6), and common electrodes (7). The source driver (2) 
is also referred to as a "data driver", "column driver", "X 
driver", or "column-electrode drive circuit " . The gate driver 
(3) is also referred to as a "scan driver", "row driver", "Y 
driver", or "row-electrode drive circuit". 

[0006] In the liquid crystal panel (1), the liquid crystal 
cells (6) are formed in a matrix on one glass substrate. As 
viewed from the LCD drive circuits, the liquid crystal cells 
can be considered as capacitive loads. The optical 
characteristic of each liquid crystal cell changes according 
to the voltage applied to the capacitor of the cell. In a 
normally white LCD, the liquid crystal cells become black when 
the capacitors are charged, and become white when the 
capacitors are discharged. 

[0007] The source electrode of the TFT (5) is connected to 
the output terminal of the source driver (2) via a source bus 
line, the gate electrode of the TFT (5) is connected to the 
output terminal of the gate driver (3) via a gate bus line, 
and the drain electrode of the TFT ( 5 ) is connected to the liquid 
crystal cell (6). The terminal of the liquid crystal cell 
opposite to the drain electrode is connected to the common 
electrode (7). Since the common electrodes (7) of all the 
liquid crystal cells are short-circuited with each other, they 
are maintained at the equal potential. Accordingly, the 
voltage applied to each liquid crystal cell is determined by 
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the potential of the drain electrode of the TFT. 
[0008] The source driver (2) is a drive circuit that outputs 
a voltage for charging/discharging the liquid crystal cells 
via the TFTs . The gate driver (3) is a drive circuit that 
outputs a voltage for controlling the switching of the TFTs. 
The control /power-supply circuit (4) supplies a timing signal, 
a drive power supply voltage, etc. to the two types of drivers. 
[ 0009 ] A TFT is one type of switching device, and the operation 
thereof is similar to that of an n-FET (Field Effect Transistor ) . 
Currently, a-Si (Amorphous Silicon) TFTs are generally used 
in large LCDs. However, a-Si TFTs have a very high on- 

resistance (about several MQ ) , and the performance is much 
lower than that of n-FETs. The TFTs are interposed between 
the output terminal of the source driver and the corresponding 
liquid crystal cells, and the on-resistance of the TFTs and 
the capacitance of the liquid crystal cells have an RC time 
constant. Since the capacitance of a liquid crystal cell is 

about several pF, about several tens of time [^sec] is required 
for charging one liquid crystal cell. 

[0010] Accordingly, in an a-Si TFT LCD, the charging time is 
ensured by simultaneously charging one row (sometimes a 
plurality of rows) of liquid crystal cells during one 
horizontal display period. In a CRT (Cathode Ray Tube) or a 
poly-Si TFT LCD, a video signal is refreshed dot by dot, while 
in an a-Si TFT LCD, one line of video signal is simultaneously 
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refreshed. The first type is referred to as the "dot- 
sequential scanning", while the second type is referred to as 
the "line-sequential scanning". 

[0011] In a VGA LCD, one line of 640 x RGB = 1920 liquid crystal 
cells are simultaneously charged. It is not practical, 
however, to manufacture or mount an IC provided with 1920 output 
terminals. Currently, a plurality of source driver ICs having 
a small number of output terminals are mounted on one LCD . 
Nevertheless, the source driver is the most expensive element 
among the elements used in the drive circuits of an LCD, and 
also produces the greatest influence on the display quality. 
[0012] Fig. 9 is a block diagram illustrating the source driver . 
It is now assumed that a video signal is input into the source 
driver in a digital form. The source driver shown in Fig. 9 
includes a serial-parallel converter or a shift register (11) , 
latches or flip-flips (12), digital-analog converters (DACs) 
13, and output buffers or operational amplifiers (14). 
[0013] In order to reduce the pin number of input terminals 
of the source driver IC, the video signal is serially input. 
After the video signal is subjected to serial-parallel 
conversion and is latched, analog signals are output from the 
DACs. To reduce the charging time of the liquid crystal cells, 
output buffers are generally provided between the DACs and the 
output terminals to perform impedance conversion. It is 
necessary that a video signal is supplied to the serial- 
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parallel converter, a timing signal is supplied to the latches, 

a so-called "y-correcting reference voltage" is supplied to 
the DACs , and drive power supply voltages +V and -V are supplied 
to the output buffers . 

[0014] Instead of the digital latches, analog sample-and- 
hold devices may be used, in which case, DACs are not necessary. 
However, the use of analog devices makes it difficult to achieve 
the fast operation, high precision, and low cost at the same 
time . 

[0015] For a VGA LCD, 1920 output buffers are required for 
one LCD . Accordingly, if one transistor is wasted in designing 
DACs or output buffers, 1920 transistors are wasted in the 
overall LCD. On the other hand, if a waste or redundancy of 
about several gates is produced between the video signal input 
terminals (not shown) and the serial-parallel converter of the 
LCD, an increase in the cost or power consumption caused by 
such a waste or redundancy does not cause any significant 
problem. Thus, the designing of DACs or output buffers is very 
important. A reduction in the number of transistors or in the 
idle current of the output buffers is a significant issue. 
[0016] Fortunately, high-performance output buffers are not 
required since the output buffers of the source driver of an 
a-Si TFT LCD are operated in the audio band. Output buffers 
which have a large dynamic range with respect to a drive power 
supply voltage (so-called "Rail-to-Rail output" is possible) 
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and which produce a small output deviation without particularly 
requiring adjustment though the slew rate is not so high are 
used . 

[0017] The gate driver (3) has the function of selecting a 
line to be subsequently charged among a plurality of gate lines . 
If a voltage higher than that of the source electrodes or the 
drain electrodes is applied to the gate line, all the TFTs 
connected to that line are turned ON, and if a voltage lower 
than that of the source electrodes or the drain electrodes is 
applied to the gate line, all the TFTs connected to that line 
are turned OFF. After finishing selecting all the lines during 
one vertical display period, one image is formed. 
[0018] Unlike a TFT LCD, an STN LCD does not have active 
elements or common electrodes. One terminal of a liquid 
crystal cell is directly connected to the source line, and the 
other terminal is directly connected to the gate line (not 
shown ) . 

[0019] The causes to influence the display quality of an LCD 
and the measures thereagainst are discussed next. Fig. 10 
illustrates the capacitances floating around the TFT (5). In 
Fig. 10 , the TFT ( 5 ) , the liquid crystal cell ( 6 ) , and the common 
electrode (7) are shown. In Fig. 10, a stray capacitance 
(25) between the gate line and the drain electrode, a stray 
capacitance C SD (26) between the source line and the drain 
electrode, a stray capacitance C^,. (27) between the adjacent 
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source line and the drain electrode, and a stray capacitance 
C sc (28) between the source line and the common electrode are 
also shown. 

[ 002 0 ] The electric charge charged in the liquid crystal cells 
is gradually discharged with the insulation resistance 
therebetween. Accordingly, even when a still image is 
displayed, it is necessary to recharge the liquid crystal cells 
in every vertical cycle. 

[0021] As stated above, the liquid crystal cells are 
capacitive loads. The capacitors have no polarity, and the 
optical response is the same regardless of whether they are 
positively or negatively charged. It is not preferable that 
the liquid crystal cells are charged to the same polarity for 
a long period since the display quality is deteriorated. In 
a normally white LCD, the application of a voltage makes liquid 
crystal cells black. If a black image continues to be displayed 
in this type of LCD for a long period, an afterimage (burn-in) 
may occur. This is because a very small quantity of ions 
contained in the liquid crystal materials is migrated to the 
electrodes, making the response worse. 

[0022] The countermeasure against this phenomenon is to 
reverse the charging polarity for the liquid crystal cells 
alternately in every vertical cycle. In this specification, 
this is referred to as the "frame reverse". As a result of 
the frame reverse, a rectangular-wave AC voltage of 3 0 to 35 
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[Hz], which is one half the vertical cycle 60 to 70 [Hz], is 
applied to each liquid crystal cell. 

[0023] However, the use of the frame reverse causes a reduction 
in another type of display quality due to its side effect. It 
is now assumed that a solid black color is displayed on the 
overall LCD surface shown in Fig. 8. In this case, it is assumed 
that scanning is performed from the top to the bottom, i.e., 
in the order of gate lines GO, Gl , G2 , and G3 . The potential 
of the source line SO and the potential of the drain electrodes 
D00 and D3 0 when the potential of the common electrode is 
considered as 0 [V] are shown in Fig. 11(a) . The source driver 
in this example does not output effective signals during a 
vertical retrace period. 

[ 0024 ] The electric charge charged in the liquid crystal cells 
is gradually discharged to the source line with the off- 
resistance of the TFT or the insulation resistance therebetween 
(not shown) . The discharging amount becomes larger as the 
state in which a large potential difference between the source 
line and the drain electrode is maintained for a longer period. 
When the potential of the source line is reversed, the electric 
charge escapes from the liquid crystal cell toward the source 
line via the stray capacitance C^. The liquid crystal cell 
D00 is immediately recharged after the source line is reversed, 
i.e., after the potential of the electric charge escapes from 
the liquid crystal cell, thus being resistant to the influence 
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of the reversing of the potential of the source line. In 
contrast, the liquid crystal cell D3 0 remains unchanged for 
a while after the electric charge escapes from the liquid 
crystal cell, thus being vulnerable to the influence of the 
reversing of the potential of the source line. 
[0025] The amount by which the electric charge escapes from 
the drain electrode toward the source line is determined, not 
by the distance from the source driver to the liquid crystal 
cells, but by the time from when the polarity of the output 
signal of the source driver is changed due to the field reverse 
to when the charging of the liquid crystal cells is started. 
[002 6] In this example, the electric charge more easily 
escapes from the liquid crystal cells driven by the gate line 
G3 than that from the liquid crystal cells driven by the gate 
line GO. When the electric charge escapes, a pure black color 
cannot be represented, resulting in the display of a gray- 
like color. Accordingly, even if it is desired that a uniform, 
solid black color be displayed, in practice, the black color 
becomes grayer as the screen goes toward the bottom. In this 
specification, this phenomenon is referred to as the "gradation 
of the contrast". 

[002 7] To prevent the gradation of the contrast, the charging 
polarity for the liquid crystal cells is reversed alternately 
in every horizontal cycle. Then, the potential of the source 
line is frequently reversed, thereby making the overall screen 
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uniformly gray. The gray-like color on the overall screen can 
be solved by slightly increasing the amplitude of the output 
voltage of the source driver. In this specification, this is 
referred to as the "line reverse" . Generally, the line reverse 
is used together with the frame reverse. 

[0028] The use of the line reverse causes repeated charging 
and discharging of the stray capacitance C sc between the source 
line and the common electrode alternately in every horizontal 
cycle, thereby increasing the current consumption of the source 
driver. Additionally, the display nonunif ormity , which is 
referred to as "crosstalk" or "shadowing", is encouraged. 
[0029] The potential of the source line SO and the potentials 
of the drain electrodes D00 and D3 0 when the line reverse is 
effected are shown in Fig. 11(b). In the line reverse, since 
the average value (DC components) of the voltages applied to 
the source lines during one vertical cycle becomes 0, the 
gradation of the contrast can be overcome. However, as far 
as one vertical cycle is concerned, the voltage p-p (Peak- 
To-Peak) value is greater than that shown in Fig. 11(a). If 
a high-frequency signal having a large amplitude is transmitted 
to the source line, the potential of the drain electrode is 
deflected via the stray capacitance C SD , thereby disturbing the 
voltage applied to the liquid crystal cells that are not being 
scanned. 

[0030] If the line reverse is effected, an AC signal having 
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a cycle twice as long as one horizontal cycle is transmitted 
to the source line. Even if the line reverse is not effected, 
the same cycle of the AC signal is transmitted to the source 
line. However, this does not cause any problem since a signal 
amplitude is small unless a solid color is displayed on the 
screen. If the polarity of the output voltage of the source 
driver is reversed alternately in every horizontal cycle, an 
AC signal having a large amplitude is transmitted to the source 
line . 

[0031] It is now desired that an image shown in Fig. 12, that 
is, a black square in a solid white color, is displayed in the 
LCD shown in Fig. 8. The signal transmitted to the source line 
is partially written into the liquid crystal cells that are 
not selected by the gate driver via the stray capacitance C^ 
because the source line and the drain electrodes are AC- 
short-circuited. For example, when the gate line Gl is 
selected so that the liquid crystal cell D12 is charged, the 
liquid crystal cells D00 , D22 , and D32 are also slightly charged. 
As a result, the portions above and below the black square 
become gray, thereby extending the black color outside the 
black square, as shown in Fig. 13. 

[0032] To overcome this situation, the capacitance of the 
liquid crystal cells should be sufficiently greater than the 
stray capacitance Cg,,. However, it is difficult to generate 
a large capacitance on the liquid crystal panel. Also, the 
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time required for charging the liquid crystal cells is 
proportional to the capacitance thereof. The insufficient 
recharging of the liquid crystal cells deteriorates the display 
quality. Although the charging time can be reduced by 
decreasing the on-resistance of the TFTs , this method increases 
the cost of the gate driver or reduces the reliability. 
[0033] Another measure against the above-described situation 
is discussed below. The stray capacitance C SD . (6) is 
interposed between the drain electrode and the adjacent source 
line, as shown in Fig. 10. Thus, the liquid crystal panel is 
designed so that C^C^. , and the LCD is driven by transmitting 
AC signals having opposite phases to the adjacent source lines. 
[0034 ] It is now assumed that a solid black color is displayed 
on the overall screen. In this case, the video signals having 
opposite polarities are transmitted to the adjacent source 
lines. When the potential of the common electrode is 0, the 
absolute values of the potentials of the adjacent source lines 
become the same, although the signs are different. 
Accordingly, if C SD =C SD ., the fluctuations of the potential of 
the source lines are offset, thereby eliminating the influence 
on the potential of the drain electrodes. 

[0035] In this specification, the driving of the adjacent 
source lines with the different polarities is referred to as 
the "dot reverse" . The dot reverse also advantageously 
prevents the signal transmitted to the source line from 
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influencing the potential of the common electrode via the stray 
capacitance C sc . However, the dot reverse cannot be used in 
a common-reverse driving LCD, which is described below. 
[0036] The use of a combination of the frame reverse, line 
reverse, and dot reverse charges each liquid crystal cell of 
the 6x4=24-dot LCD shown in Fig. 8 with the polarities shown 
in Fig. 14. In principle, the frame reverse is effective only 
when a still image is displayed. However, a certain effect 
can be produced on moving pictures having a slow motion. There 
is almost no problem if the frame reverse is applied to moving 
pictures having many scene changes. However, if blinking 
objects are displayed, the effect may be reduced to a half. 
[0037] The line reverse is effective when a solid color screen 
is displayed. However, a certain effect can be produced on 
images having many DC components. Generally, since a video 
signal contains many DC components, it is highly likely that 
the line reverse produces the effect on the video signal. 
[0038] The dot reverse is effective for a solid, white, gray, 
or black screen. It is less effective for a solid, red, green, 
blue, cyan, magenta, or yellow screen. In a color LCD, 
generally, three liquid crystal cells having red, green, and 
blue colors are simultaneously charged by three source lines. 
Accordingly, although, for example, a solid red color on the 
overall screen is apparently a solid screen, it is not solid 
as viewed from the source driver. The dot reverse is very 
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effective for a screen having many solid white color components 
and black components, such as that shown in Fig. 12. 
[0039] The line reverse or the dot reverse produces the least 
effect on a checkerboard pattern image, such as that shown in 
Fig. 15. As is well known, this type of image has 
highest- frequency components. 

[0040] However, this does not cause any problem as long as 
the line reverse or the dot reverse is used in a liquid crystal 
TV monitor because, in practice, that type of image cannot be 
transmitted via analog TV broadcast waves. On the other hand, 
the use of the line reverse or the dot reverse in an OA (Office 
Automation) terminal causes a serious problem. In an OA 
machine, halftones are sometimes represented by dithering, in 
which case, the effect of the line reverse or the dot reverse 
is considerably reduced depending on the conditions. As a 
matter of fact, the display quality is sometimes seriously 
deteriorated in the closing screen of Windows 95. 
[0041] As a technique similar to dithering, a technique, which 
is referred to as the "FRC (Frame Rate Control) " , for displaying 
halftones by causing pixels to blink at high speed is available. 
The use of this technique reduces the effect of the frame 
reverse. To overcome this drawback, the reversing of the 
polarity in every two vertical cycles is possible. In this 
specification, the drive method for reversing the polarity in 
every plural of vertical cycles is also included in the frame 
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reverse . 

[0042] The luminance of LCDs is becoming increased by raising 
the numerical aperture of liquid crystal panels. This 
increases the size of the drain electrodes, resulting in a 
smaller distance between the source line and the drain 
electrodes. As the distance becomes smaller, the stray 
capacitance C SD becomes larger, and the influence on the display 
quality cannot be ignored. 

[0043] There is an increasing demand for higher-resolution 
and higher-definition LCDs as products. To increase the 
resolution in the horizontal direction of an LCD, the total 
number of output terminals of the source driver should be 
increased. In this case, this does not directly lead to a 
reduction in the display quality, though the mounting of ICs 
and the fast transmission of video signals are technical 
problems to be solved. Meanwhile, to increase the resolution 
in the vertical direction of an LCD, the total number of output 
terminals of the gate driver should be increased, and also, 
the horizontal cycle should be reduced. In this case, in 
addition to the above-described technical problems , a 
reduction in the charging time is an important issue. 
Additionally, as the horizontal cycle is shorter, a higher 
frequency signal is transmitted to the source line, thereby 
making the problem of the stray capacitance C SD even more 
serious . 
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[0044] Not only the signal transmitted to the source line, 
but also an AC signal transmitted to the gate line influences 
the potential of the drain electrode via the stray capacitance 
C GD . It is now assumed that, when the potential of the gate 
line is -10 [V] , the TFT is turned OFF , and when the potential 
of the gate line is 2 0 [V] , the TFT is turned ON. By increasing 
the potential of the gate line from -10 [V] to 20 [V], the 
potential of the drain electrode is also increased because of 
the presence of the stray capacitance C GD . 

[0045] However, once the TFT is turned ON, the recharging of 
the drain electrode by the source driver is started, and thus, 
an increase in the potential of the drain electrode does not 
cause any problem. Conversely, by decreasing the potential 
of the gate line from 20 [V] to -10 [V], the potential of the 
drain electrode is also reduced. Immediately after this, the 
TFT is turned OFF, and the potential of the drain electrode 
is maintained at the low level. That is, the electric charge 
supplied from the source line to the drain electrode is 
disadvantageously drained by the gate line. 

[0046] However, the countermeasure against the influence of 
the stray capacitance C GD is relatively easy. This is because 
the signal transmitted to the gate line is already known in 
the designing stage, while the signal transmitted to the source 
line changes according to the image displayed. Additionally, 
among the 480 gate lines in a VGA LCD, an AC signal flows in 
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only one line that is being scanned. Accordingly, to avoid 
the influence of the stray capacitance C GD/ the output voltage 
of the source driver is adjusted in advance by considering the 
influence of the stray capacitance C GD . 

[0047] As discussed above, because of the stray capacitance 
c gd ( 8 ) or c sd ( 9 ) shown in Fig. 10, the TFT does not function 
properly as the switching device for high frequency signals. 
The stray capacitance between the gate line and the source line 
does not influence the potential of the drain electrode, and 
thus, it is not shown in Fig. 10. 

[004 8] The common reverse driving is described below. An 
example of the relationship between the voltage applied to the 
liquid crystal cell and the luminance of the pixel is shown 
in Fig. 16. The actual characteristic slightly varies 
according to the type of liquid crystal material . In this case, 
it is assumed that, when 1 [V] is applied, the liquid crystal 
cell becomes white, and when 5 [V] are applied, the liquid 
crystal cell becomes black. In a region from 0 [V] to 1 [V] 
or a region over 5 [V] , the optical characteristic is saturated. 
When a negative voltage is applied to the liquid crystal cell, 
the same characteristic as that when a positive voltage having 
the same absolute value is applied is exhibited. 
[0049] When the liquid crystal cell has the characteristic 
shown in Fig. 16, the LCD can be apparently driven if the source 
driver can output a voltage from 1 [V] to 5 [V] . However, to 
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drive the LCD by reversing the polarity, voltages having both 
positive and negative polarities must be output. In practice, 
therefore, the dynamic range from -5 [V] to 5 [V] is required. 
[0050] In this case, however, a source driver cannot be 
manufactured with a standard 5 [V] withstand-voltage process. 
If a 10 [V] withstand-voltage process is employed, the chip 
size of the source driver is increased, resulting in an increase 
in the cost. Accordingly, the so-called "common reverse 
driving" may be used. In this method, the potential of the 
common electrode is deflected. 

[0051 ] Fig. 17 illustrates a horizontal synchronizing signal , 
the potential of the common electrode, the potential of a black 
video signal, and the potential of a white video signal when 
the line reverse driving and the common reverse driving are 
used together. In the common reverse driving, a rectangular 
wave, such as that shown in Fig. 17, is input into the common 
electrode. In this example, the potential of the common 
electrode is deflected with the amplitude of 3 [V] in every 
horizontal cycle. That is, the cycle of the rectangular wave 
is twice as long as the horizontal cycle, and the p-p value 
is 6 [V] . In this case, although the source driver has only 

a dynamic range of 4 [V], ±5 [V] voltages are applied to the 
liquid crystal cell. 

[0052] The common reverse driving makes it possible to reduce 
the manufacturing cost of the source driver. Additionally, 
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since the output buffers of the source driver can be driven 
by a 4 [V] -power supply source, the power consumption can be 
reduced. On the other hand, a circuit for supplying a 
rectangular wave to the common electrodes is required. If the 
common reverse driving is employed, the dot reverse cannot be 
performed, though the frame reverse or line reverse can be 
performed . 

[0053] In contrast, the method for applying a DC voltage to 
common electrodes by using a source driver manufactured by a 
10 [V] withstand-voltage process is referred to as the "common 
DC driving" in this specification. For example, when the 
potential of the common electrode is maintained at 5 [V], a 
voltage from 6 to 10 [V] is supplied from the source driver 
to positively charge the liquid crystal cell, and a voltage 
from 0 to 4 [V] is supplied from the source driver to negatively 
charge the liquid crystal cell. The potential of the common 
electrode, the potential of the black video signal, and the 
potential of the white video signal in the common DC driving 
are also shown in Fig. 17. 

[0054] To make the most use of the advantages of the common 
DC driving, the dot reverse is generally performed. In this 
case, a positive signal and a negative signal are 
simultaneously output from different output buffers of the same 
source driver IC. 

[0055] Since the signals having the opposite polarities are 
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simultaneously output, the DACs within the source driver in 
the common DC driving are twice as large as those in the common 
reverse driving, resulting an increase in the chip size of the 

IC. The number of Y _c °rrecting reference voltages supplied to 
the DACs is also doubled, and the number of terminals between 
the IC and the printed circuit board is increased, thereby 
making the mounting operation difficult . Additionally, since 
the output buffers of the source driver are driven by a power 
supply of 10 [V] , the power consumed in the buffers is increased 
to more than twice. An increase in the power consumption 
becomes problematic particularly when the LCD is used in a 
battery-driven portable unit monitor. 

[0056] The common reverse driving is suitable for LCDs having 
relatively low resolution and causing crosstalk very little 
or LCDs (such as those for palm-top PCs or projectors) having 
a narrow dot pitch (which makes the mounting operation 
difficult). The common DC driving is suitable for large, 
high-resolution LCDs (such as those for desk-top PCs) which 
do not have to be battery driven. For notebook PC LCDs, the 
common reverse driving and the common DC driving have both 
advantages and drawbacks, and it is difficult to decide which 
is more suitable for notebook PC LCDs. Both the line reverse 
and the dot reverse increase the power consumption, and it is 
also difficult to decide which is more advantageous. 
[0057] If the number of pixels is increased by increasing the 
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number of horizontal or vertical lines in order to implement 
a high-resolution, large-screen display device, the time for 
charging each pixel is decreased in proportion to the number 
of pixels unless the time for one field is extended- However, 
a minimal time is required for charging each pixel, and each 
pixel cannot be sufficiently charged if the number of pixels 
is increased. Accordingly, it is difficult to increase the 
number of pixels sufficiently. 

[0058] To solve this problem, the following technique is 
proposed in Japanese Unexamined Patent Application 
Publication No. 7-281648. In a liquid crystal display device 
having a plurality of first signal lines (source lines) 
extended in the vertical direction and disposed in parallel 
with each other and second signal lines (gate lines) extended 
in the horizontal direction and disposed in parallel with each 
other, in which a liquid crystal cell is disposed at each 
intersection between the corresponding first signal line and 
the second signal line via a selection device (TFT), the first 
signal lines are divided into two or more portions in the 
vertical direction, and signals are independently supplied to 
the second signal lines according to the divided portions of 
the first signal lines, and also, a display signal is extended 
in a time axis according to the number of divided portions and 
is supplied to the divided first signal lines. With this 
configuration, the charging time for the liquid crystal cells 
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can be relatively increased by extending the display signal 
in the time axis, thereby making it possible to increase the 
number of pixels. 

[0059] A 6-column x 8-row display device formed by two 6- 
column x 4-row display devices by dividing first signal lines 
into two portions is discussed below by way of example. A 
plurality of the first signal lines extended in the vertical 
direction and disposed in parallel with each other are divided, 
as shown in Fig. 18, into SO through S5 and SO' through S5' 
in the vertical direction. 

[0060] Then, switching devices (5), each being formed of an 
N-channel FET at one terminal being connected, are disposed 
at the intersections between the first signal lines SO through 
S5 and SO' through S5 ' and the second signal lines GO through 
G3 and GO' through G3 ' . Scanning signals VG0 through VG3 and 
VG0 ' through VG3 * are supplied from gate drivers (3) and (3' ), 
respectively, to the switching devices (5) in the scanning 
directions Dla and D2a. That is, both the upper half portion 
and the lower half portion of the screen are scanned from the 
top to the bottom. 

[0061] The other terminal of each switching device (5) is 
connected to a counter electrode COM terminal (7) via a liquid 
crystal cell (6). Display signals assigned to the upper half 
portion and the lower half portion of the screen are supplied 
from a control/power supply circuit (4) to source drivers (2) 
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and (2'). The display signals corresponding to the selected 
second signal lines are output from the source driver (2) as 
HSO through HS5 and from the source driver (2 ' ) as HSO ' through 
HS5', as shown in Fig. 19. 

[0 062] The signals indicated in this example are black video 
signals, and the field reverse and the line reverse are 
performed together. In this case, the scanning signals VGO 
and VGO' are simultaneously output and sequentially selected. 
After the scanning signals VG3 and VG3 ' are simultaneously 
selected, scanning is shifted to the subsequent field and is 
started again from the scanning signals VGO and VGO'. 
[0063] With this configuration, since two liquid crystal 
cells can be simultaneously charged, the liquid crystal cells 
can be charged by extending the display signals in the time 
axis without the need to extend the time for one field. 
Although in this example the number of divided portions are 
two, it can be increased into more than two, and the number 
of pixels can be further increased without worrying about the 
insufficient charging time. Thus, by using the technique for 
driving an S-VGA (Super Video Graphic Array) , i.e. , 800-column 
x 600-row LCD, an U-XGA (Ultra Extended Video Graphic Array), 
i.e., a 1600-column x 1200-row LCD can be implemented. 
[0064] If the above-described technique is applied to a CRT, 
a joint portion between monitors becomes noticeable. In 
contrast, for an LCD, if a liquid crystal panel (1) shown in 
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Fig. 18 is extracted from one mother glass substrate, monitors 
without any joint portion can be produced- A break in the 
source line passing through the center of the screen is not 
noticeable to the human eye. This enables the user to use the 
LCD as a single monitor without producing any sense of 
artificiality . 

[0065] In the LCD shown in Fig. 18, although there is no joint 
portion on the display screen, the drive circuits are divided 
into the upper drive circuit and the lower drive circuit . Then, 
the liquid crystal cells of the upper half and the liquid 
crystal cells of the lower half of the liquid crystal panel 
are independently and simultaneously scanned. In this 
specification, this is referred to as the "screen dividing 
scanning" . 

[0066] An example of the application of an LCD is discussed 
below with reference to Fig. 20. The LCD shown in Fig. 2 0 
includes a liquid crystal panel (1), source drivers (2) and 
( 2 ' ) , gate drivers ( 3 ) and. ( 3 ' ) , control/power-supply circuits 
(4) and (4'), TFTs (5), liquid crystal cells (6), common 
electrodes (7) and (7' ), a video signal source (8), a control 
circuit (9), and a memory (10). 

[0067] If the LCD is used in a monitor for receiving 
high-definition TV broadcasts, the video signal source (8) is 
a tuner, the control circuit (9) is a scanning conversion 
circuit, and the memory (10) is an image memory. The control 
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circuit (9) converts a video signal from a TV station so that 
dividing scanning can be performed, and allocates the converted 
video signals into the control circuits (4) and (4' ). If the 
LCD is used in a PC monitor, the video signal source (8) is 
a microprocessor , the control circuit ( 9 ) is a video controller , 
and the memory (10) is a video RAM (Random Access Memory). 
[0068] Although the common electrodes (7) and (7' ) are shown 
as narrow conductors in Fig. 20, they are actually a conductive 
film extending on one glass surface. The upper-half common 
electrode (7) and the lower-half common electrode (7' ) of the 
liquid crystal panel shown in Fig. 20 are short-circuited with 
each other. The reason for this is to reduce the manufacturing 
cost. 

[0069] A liquid crystal panel in a TFT LCD is manufactured 
by sealing liquid crystal materials between a glass substrate 
on which TFTs and bus lines are formed and a glass substrate 
on which common electrodes are formed on the overall surface. 
The first glass substrate requires complicated operations, and 
thus, many manufacturing steps are required and the 
manufacturing cost is accordingly high. The second glass 
substrate can be manufactured merely by forming a solid pattern 
of transparent conductive materials. Accordingly, even if an 
extra work is done for the bus lines, the manufacturing 
facilities, steps, and cost are not much different from those 
of currently available products. However, if an extra work 
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is done for the common electrodes, the cost is significantly 
increased. If a conductive film is formed on the overall 
surface of one glass substrate, the common electrodes (7) and 
(7 1 ) are inevitably short-circuited. 
[0070 ] 

[Problems to be Solved by the Invention] As in the above- 
described related art, the gate drivers (3) and (3') 
simultaneously output the selection signals VGO and VGO ' to 
sequentially scan the independent second signal lines in the 
same direction, i.e., in the scanning directions Dla and D2a, 
respectively, and finally, VG3 and VG3 ' are simultaneously 
selected. The scanning is then shifted to the subsequent field 
and is started again from VGO and VGO ' . In this case , the liquid 
crystal cells (6) connected to the final gate line G3 selected 
by the gate driver (3) and the liquid crystal cells (6) 
connected to the first gate line GO ' selected by the gate driver 
(3') are adjacent to each other across the boundary portion, 
and the charging timing for the liquid crystal cells (6) 
connected to the final gate line G3 is different from that for 
the liquid crystal cells (6) connected to the first gate line 
GO' by 1/2 of the time equal to one frame. 

[0071] Accordingly, the influence of the adjacent first 
signal lines SO through S5 on the liquid crystal cells before 
they are recharged in the subsequent field is different from 
the influence of the adjacent first signal lines SO' through 



33 



S5 ' on the other liquid crystal cells. Fig. 19 is a timing 
chart of the LCD configured as described above when a solid 
color is displayed by using the field reverse and the line 
reverse together. 

[0072] It is now assumed, for example, that a COM signal of 
the counter electrode (7) is reversed in every field. When 
the same color, for example, a black color, is displayed in 
the entire filed, all the liquid crystal cells (6) are charged 
with the same display signal. The liquid crystal cells (6) 
connected to the gate line GO' of the gate driver (3') are 
charged at the beginning of the field, while the capacitors 
(6) connected to the gate line G3 of the gate driver (3) are 
charged with the display signal at the end of the field. 
[0073] Since all the liquid crystal cells (6) are charged with 
the same display signal, the level of the display signal 
charging the liquid crystal cells (6) connected to the gate 
line GO' is equal to the signal level of the source lines SO' 
through S5 ' . Accordingly, after the liquid crystal cells (6) 
connected to the gate line GO' are charged, the influence of 
the source lines SO' through S5 ' is very small, and a 
deterioration of the display signal charging the liquid crystal 
cells (6) is small. 

[0074] On the other hand, immediately after the liquid crystal 
cells (6) connected to the gate line G3 of the gate driver (3) 
are charged with the display signal at the end of the field, 
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scanning is shifted to the subsequent field. Then, the COM 
signal of the counter electrode ( 7 ) is reversed, and the display 
signal is reversed accordingly. 

[0075] Accordingly, the level of the display signal charging 
the liquid crystal cells (6) connected to the gate line G3 is 
different from the signal level of the source lines SO through 
S5. Accordingly, the influence of the source lines SO through 
S5 on the liquid crystal cells (6) connected to the gate line 
GO' is greater than that of the source lines SO" through S5 ' 
on the liquid crystal cells (6) connected to the gate lines 
GO' through G3 ' . A deterioration of the display signal 
charging the liquid crystal cells (6) connected to the gate 
line G3 is large. 

[007 6] Thus, the display condition is different between the 
liquid crystal cells (6) connected to the gate line G3 and the 
liquid crystal cells (6) connected to the gate line GO', the 
gate lines G3 and GO ' facing across the boundary in the vertical 
(Y axis) direction. The same applies to the cells around the 
boundaries in the divided portions. Thus, in the overall 
screen, a difference in the luminance is generated around the 
boundaries . 

[0077] As discussed above, the upper half and the lower half 
of the screen are scanned from the top to the bottom, and more 
specifically, the upper half is scanned in the order of the 
gate lines GO, Gl , G2 , and G3 and the lower half is scanned 



35 



in the order of GO", Gl ' , G2 ' , and G3 ' . In this case, even 
if a black video signal is input into the overall screen to 
display a uniform solid black color on the LCD, the gradation 
of the contrast occurs , as shown in Fig. 21, and a joint portion, 
which is generally unnoticeable , appears in the boundary 
portion between the divided two upper and lower screens. 
[0078] The reason for this is as follows . In the frame reverse, 
as the time from when the polarity of the output voltage of 
the source driver is reversed to when the liquid crystal cells 
are recharged becomes longer, the electric charge escapes from 
the liquid crystal cells more easily, which decreases the 
contrast. In the line reverse, the gradation of the contrast 
is alleviated as long as a video signal having many DC 
components is displayed. However, this does not solve the 
entire problem. 

[007 9] When the screen is divided into two upper and lower 
half portions and when the upper and lower portions are scanned 
from the top to the bottom, as stated above, the gradation of 
the contrast occurring in the boundary portion between the 
divided upper and lower portions of the screen can be eliminated 
by simultaneously scanning the upper portion from the top to 
the bottom and the lower portion from the bottom to the top. 
[0080] In this case, the liquid crystal cells located around 
the boundary portion of the upper and lower portions are almost 
equally charged, and thus, the difference in the contrast is 
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not as distinct as that shown in Fig. 21 . However, the charging 
time for the liquid crystal cells around the boundary portion 
becomes shorter than the other liquid crystal cells. 
Accordingly, when a solid black color is displayed, the portion 
around the boundary portion becomes gray, and a slight level 
of the gradation of the contrast occurs. The gradation of the 
contrast appears horizontally at the center of the screen, 
which is not desirable. 

[0081] The gradation of the contrast in a gray color appearing 
horizontally at the center of the screen can be eliminated by 
simultaneously scanning the upper portion from the bottom to 
the top and the lower portion from the top to the bottom. 
[0082] In this case, since the liquid crystal cells located 
around the boundary portion between the upper and lower screens 
are almost equally and sufficiently charged, the area around 
the boundary portion does not become gray as described above 
when a solid black color is displayed. However, areas around 
the top and bottom edges of the screen, i.e., the top edge of 
the upper screen and the bottom edge of the lower screen, cannot 
be sufficiently charged, and those areas become gray when a 
solid black color is displayed. This prevents the user from 
displaying important issues at the top and bottom edges of the 
screen. 

[0083] If the gate lines G3 and GO' located adjacent to the 
upper and lower screens are simultaneously scanned, two 
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problems are presented. The first problem is that only the 
liquid crystal cells connected to the gate line G3 or GO ' become 
brighter or darker than the other liquid crystal cells, as 
described above. This makes it appear that a bright line or 
a dark line is running on the screen. 

[0084] When the TFT is turned OFF, that is, when the potential 
of the gate line is lowered, the potential of the drain 
electrode is influenced via the stray capacitance C GD between 
the gate line and the drain electrode, as discussed above. In 
known LCDs which do not perform dividing scanning, or an LCD, 
such as that shown in Fig. 19, the influence on the potential 
of the drain electrode is equal regardless of which gate line 
is being scanned, and it is easy to take measures against the 
influence of the stray capacitance C GD . 

[0085] However, if the adjacent gate lines G3 and GO' are 
simultaneously scanned, the distribution of the electric field 
around those gate lines during scanning becomes very different 
from that around other two gate lines located separated from 
each other. Accordingly, the degree of the influence of the 
stray capacitances, such as C^,, is different when the two 
central lines are scanned. 

[0086] When designing drive circuits for an LCD, the output 
voltage of the source driver is adjusted in advance to cancel 
the influence of C GD . However, if the gate lines G3 and GO' 
are simultaneously scanned, the amount by which the output 
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voltage of the source driver is adjusted should be changed 
according to the line which is being scanned. Otherwise, the 
luminance of the two central lines at the center of the screen 
becomes different from that of the other lines. If the 
adjustment amount is made variable, the control circuit or a 

circuit for generating y-correcting reference signals becomes 
complicated, thereby causing the problems of the cost and the 
reliability. 

[0087] The second problem is that the line reverse driving 
for reversing the polarity alternately in every line cannot 
be performed in a common-reverse-driving source driver. Fig. 
22(a) illustrates an example of a signal waveform when the LCD 
shown in Fig. 18 is driven in a common-reverse-driving source 
driver. In this case, it is also assumed that a black video 
signal is output from the source driver. In this example, the 
field reverse and the line reverse are used together. When 
the common reverse driving is employed, the signals of the same 
polarity are always output from the source driver (2) assigned 
to the upper half screen and the source driver (2' ) assigned 
to the lower half screen. 

[0088] The polarities of the voltage applied to the liquid 
crystal cells are shown in Fig. 23. Fig. 22(a) shows that the 
line reverse is not correctly performed on the two lines G3 
and GO' at the center of the screen. Then, the electric lines 
of force around the liquid crystal cells connected to the gate 
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lines G3 and GO ' become different from those around the other 
liquid crystal cells. The liquid crystal cells are pixels 
utilizing the characteristic of the molecules of liquid crystal 
materials being directed toward the electric lines of force. 
Accordingly, the nonunif ormity of the electric lines of force 
is fatal. This causes the problem that only the two lines at 
the center of the screen become too bright or too dark. 
[0089] Immediately after the liquid crystal cells on the gate 
line GO shown in Fig. 18 are charged, that is, right before 
the charging of the liquid crystal cells on the gate line Gl 
is started, the liquid crystal cells on the gate lines GO and 
Gl are charged to the same polarity. However, after the lapse 
of one horizontal cycle, the liquid crystal cells on the gate 
line Gl are charged to the polarity opposite to the polarity 
of the liquid crystal cells on the gate line GO . Such a temporal 
abnormality does not seriously influence the visual quality. 
[0090] On the other hand, the abnormality shown in Fig. 22(a) 
is not temporal . The abnormality originates from the fact that 
the liquid crystal cells connected to the adjacent gate lines 
G3 and GO' are charged to the same polarity, and such a state 
continues for a long period. 

[0091] Fig. 22(b) is a signal waveform when the liquid crystal 
cells on the gate lines G3 and GO' are charged to the opposite 
polarities. In this case, it is necessary to supply out- 
of-phase rectangular waveforms to the common electrode ((7) 
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shown in Fig. 20) of the upper half of the liquid crystal panel 
and the common electrode ((7' ) shown in Fig. 20) of the lower 
half. This is not applicable if the upper and lower common 
electrodes are short-circuited. As stated above, however, the 
cost is increased if two common electrodes are electrically 
disconnected . 

[0092] Alternatively, the source drivers (2) and (2') shown 
in Fig. 20 can be driven by different power supply voltages. 
In this case, however, a digital-signal level shifter is 
required between the control circuit (4) and the source driver 
(2) or between the control circuit (4' ) and the source driver 
(2* ) , which causes the problems of the additional cost or the 
reliability. 

[0093] If the common DC driving method is simply employed, 
the second problem can be solved. This method, however, 
increases the power consumption and the cost of the source 
driver. Also, driving a liquid crystal panel, which does not 
need the dot reverse driving, by the common-DC-driving source 
driver is not desirable in terms of the cost performance. 
[0094] The present invention has been made in view of this 
background. That is, it is an object of the present invention 
to provide a dividing-scanning, high-definition LCD free from 
bright lines or dark lines at the center of the screen even 
if the scanning directions for the upper half and the lower 
half of a screen are opposite. 
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[0095] 

[Means for Solving the Problems] To achieve the above- 
described object, the present invention includes the following 
means. The dot-matrix display device according to claim 1 
includes a plurality of first signal lines extended in the 
vertical direction and disposed in parallel with each other 
and a plurality of second signal lines extended in the 
horizontal direction and disposed in parallel with each other, 
in which a pixel electrode is disposed at each intersection 
between the corresponding first and second signal lines via 
a selection device, and the pixel electrodes are selectively 
driven, thereby performing a display operation. In the 
dot-matrix display device, the first signal lines are divided 
into a plurality of portions vertically and in parallel with 
the second signal lines so as to form a plurality of display 
areas. The dot-matrix display device includes: a plurality 
of scanning circuits corresponding to the display areas, for 
scanning the second signal lines in each display area in the 
same time zone and for scanning the second signal lines 
positioned at a boundary portion between the adjacent display 
areas substantially at the same timing; and a plurality of 
signal supply circuits corresponding to the display areas, for 
extending a display signal in a time axis according to the 
number of divided display areas and for supplying the display 
signal extended in the time axis to the first signal lines in 
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each divided display area. 

[0096] In the dot-matrix display device according to claim 

2 in the dot-matrix display device of claim 1, the scanning 
circuits scan the second signal lines in the boundary portion 
between the adjacent display areas of the plurality of display 
areas at the beginning of the scanning timing for each frame 
of the adjacent display areas, and then sequentially scan the 
second signal lines in the direction away from the boundary 
portion . 

[0097] In the dot-matrix display device according to claim 

3 in the dot-matrix display device of claim 1, the scanning 
circuits scan the second signal lines in the boundary portion 
between the adjacent display areas of the plurality of display 
areas at the end of the scanning timing for each frame of the 
adjacent display areas, and then sequentially scan the second 
signal lines in the direction toward the boundary portion from 
positions farthest away from the boundary portion. 

[0098] The dot-matrix display device according to claim 4 
includes a plurality of first signal lines extended in the 
vertical direction and disposed in parallel with each other 
and a plurality of second signal lines extended in the 
horizontal direction and disposed in parallel with each other, 
in which a pixel electrode is disposed at each intersection 
between the corresponding first and second signal lines via 
a selection device, and the pixel electrodes are selectively 
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driven, thereby performing a display operation. In the 
dot-matrix display device, the first signal lines are divided 
into a plurality of portions vertically and in parallel with 
the second signal lines so as to form a plurality of display 
areas. The dot-matrix display device includes: a plurality 
of scanning circuits corresponding to the plurality of display 
areas, for scanning the second signal lines in each display 
area in the direction away from a boundary portion between the 
adjacent display areas or in the opposite direction; a vertical 
synchronizing signal generating circuit for outputting 
vertical synchronizing signals out of phase with each other 
to the plurality of scanning circuits; a plurality of signal 
supply circuits corresponding to the display areas, for 
extending a display signal according to the number of divided 
display areas and for simultaneously supplying the display 
signal extended in the time axis to the first signal lines in 
each display area; and a frame reverse circuit for writing 
signals to be applied to pixels corresponding to the pixel 
electrodes at different polarities alternately in every 
vertical cycle or every plural of vertical cycles. 
[0099] In the dot-matrix display device according to claim 
5 in the dot-matrix display device of claim 4, the time 
difference between the plurality of vertical synchronizing 
signals out of phase with each other generated in the vertical 
synchronizing signal generating circuit is an integral 
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multiple of a horizontal cycle. 

[0100] In the dot-matrix display device according to claim 

6 in the dot-matrix display device of claim 4, the time 
difference between the plurality of vertical synchronizing 
signals out of phase with each other generated in the vertical 
synchronizing signal generating circuit is an odd-numbered 
multiple of a horizontal cycle. 

[0101] In the dot-matrix display device according to claim 

7 in the dot-matrix display device of any one of claims 4 to 

6, the phase difference between the plurality of vertical 
synchronizing signals out of phase with each other generated 
in the vertical synchronizing signal generating circuit is set 
so that vertical retrace periods of the vertical synchronizing 
signals of the adjacent display areas are overlapped with each 
other . 

[0102] In the dot-matrix display device according to claim 

8 in the dot-matrix display device of any one of claims 4 to 

7, the second signal lines positioned in the boundary portion 
between the adjacent display areas are not scanned 
simultaneously . 

[0103] In the dot-matrix display device according to claim 

9 in the dot-matrix display device of any one of claims 4 to 

8, a period during which the pixels connected to the second 
signal lines positioned in the boundary portion between the 
adjacent display areas are written to the same polarity is 



45 



shorter than a period during which the second signal lines 
positioned in the boundary portion between the adjacent display 
areas are written to the opposite polarities. 
[0104] In the dot-matrix display device according to claim 

10 in the dot-matrix display device of any one of claims 1 to 
9, the selection device is an active device disposed between 
each pixel formed of the pixel electrode and the corresponding 
first signal line. 

[0105] In the dot-matrix display device according to claim 

11 in the dot-matrix display device of claim 10, the active 
device is an amorphous silicon thin film transistor. 
[0106] In the dot -matrix display device according to claim 

12 in the dot-matrix display device of any one of claims 1 to 
11, one terminal of each pixel formed of the pixel electrode 
is connected to a common electrode formed of one conductive 
plate. 

[0107] In the dot-matrix display device according to claim 

13 in the dot-matrix display device of claim 12, a rectangular 
wave voltage synchronizing with a vertical synchronizing 
signal and/or a horizontal synchronizing signal is applied to 
the common electrode. 

[0108] In the dot-matrix display device according to claim 

14 in the dot-matrix display device of claim 13, the plurality 
of signal supply circuits for supplying a signal voltage to 
the first signal lines are circuits having a dynamic range of 
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at most 1/2 of a voltage deflection range required for writing 
the pixels formed of the pixel electrodes to the positive and 
negative polarities. 

[0109] In the dot-matrix display device according to claim 
15 in the dot-matrix display device of any one of claims 1 to 
14 , the pixels formed of the pixel electrodes are liquid crystal 
cells . 

[0110] (Operation) According to the configuration of claim 
1, the scanning orders for the selection devices are controlled 
so that the adjacent display cells across the boundary portion 
of the divided first signal lines are charged at the same timing. 
Thus, the influence of the adjacent first signal lines before 
the charged liquid crystal cells are recharged in the 
subsequent field is the same in the boundary portion between 
the upper and lower display screens. As a result, the 
difference in the luminance in the boundary portion of the first 
signal lines can be eliminated. 

[0111] According to the configuration of claim 2, across the 
boundary portion between the upper and lower display screens, 
the upper screen is scanned from the bottom to the top and the 
lower screen is scanned from the top to the bottom 
simultaneously with each other. Accordingly, the display 
cells on the adjacent scanning lines in the boundary portion 
are charged almost equally and sufficiently. Thus, the 
difference in the luminance in the boundary portion at the 
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center of the screen can be eliminated, and also, the difference 
in the luminance of the boundary portion with the other portions 
due to the undercharging is not generated. 

[0112] According to the configuration of claim 3, across the 
boundary portion between the upper and lower display screens, 
the upper screen is scanned from the top to the bottom and the 
lower screen is scanned from the bottom to the top 
simultaneously with each other. Accordingly, the display 
cells on the adjacent scanning lines in the boundary portion 
are charged almost equally. Thus, the difference in the 
luminance in the boundary portion can be eliminated. Since 
the charging time for the display cells on the adjacent scanning 
lines in the boundary portion is shorter, there is a slight 
difference in the luminance of the boundary portion with the 
other portions. However, the display cells at the top and 
bottom edges of the screen, i.e., at the top edge of the upper 
screen and the bottom edge of the lower screen, are sufficiently 
charged, and thus, the difference in the luminance of the top 
and bottom edges of the screen with the other portions is 
eliminated. 

[0113] According to the configurations of claim 4 to 15, the 
phases of the video signals supplied to the divided upper and 
lower display screens are set so that the vertical 
synchronizing signals are out of phase with each other by an 
integral multiple of one horizontal synchronizing cycle. 
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Accordingly, scanning lines in the boundary portion between 
the adjacent screens are not simultaneously scanned, but are 
scanned out of phase with each other. The common electrode 
can be formed of one electrode applying a pulse synchronizing 
with the horizontal or vertical synchronizing signal of a video 
signal. With this arrangement, the difference in the 
luminance of the scanning lines at the edges in the boundary 
portion between the adjacent upper and lower screens can be 
eliminated. Thus, the display quality of the divided upper 
and lower display screens can be maintained, and also, the 
dynamic range of the signal supply circuits for driving the 
first signal lines can be reduced to 1/2 of the voltage required 
for the display pixels. 

[0114] The frame reverse is performed while the vertical 
retrace periods of the video signals of the upper and lower 
screens are being overlapped with each other. This prevents 
the occurrence of a bright line or a dark line of scanning lines 
caused by the frame reverse. 

[0115] The phase difference between the vertical 

synchronizing signals supplied to the upper and lower screens 
is set to be an odd-numbered multiple of one horizontal 
synchronizing cycle. With this arrangement, the pixels 
connected to the scanning lines in the boundary portion at the 
edges between the adjacent screens are not charged to the same 
polarity. Thus, the quality of the display pixels formed of 
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capacitive loads, in particular, liquid crystal cells, can be 
maintained. 

[0116] The phase difference of the vertical synchronizing 
signals is set so that the period during which the pixels 
connected to the scanning lines in the boundary portion at the 
edges between the adjacent upper and lower screens are written 
to the opposite polarities is longer than that during which 
the pixels connected to the scanning lines in the boundary 
portion at the edges between the adjacent upper and lower 
screens are written to the same polarity. Thus, the quality 
of the display pixels formed of liquid crystal cells can be 
maintained . 

[0117] The selection devices for selecting the pixel 
electrodes disposed at the intersections of the corresponding 
first and second signal lines are active devices including TFTs 
formed of amorphous silicon or polysilicon. It is thus 
possible to provide a high-speed, high-contrast dot-matrix 
display device. 
[0118] 

[Mode for Carrying Out the Invention] 

(First Mode) A first mode is based on Claims 1, 2, 10, 11, 
12, 13, 14, and 15, in which a display screen is divided into 
upper and lower screens , and the upper screen and the lower 
screen are scanned simultaneously, and more specifically, the 
upper screen is scanned from the top to the bottom and the lower 
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screen is scanned from the bottom to the top, thereby 
eliminating the difference in the luminance around a boundary 
portion. The display screen is divided into two upper and lower 
screens by dividing first signal lines for receiving display 
signals . 

[0119] Fig. 1 is a schematic diagram illustrating the first 
mode. A plurality of first signal lines extended in the 
vertical direction and disposed in parallel with each other 
are divided, as shown in Fig. 1, into SI through Sm and SI' 
through Sm' in the vertical direction. Switching elements Mil 
through Mnm, each being formed of an N-channel FET at one 
terminal connected, are disposed at the intersections between 
the corresponding first signal lines SI through Sm and SI ' 
through Sm' and the second signal lines Gl through Gn. Scanning 
signals VGl through VGn/2 and VGn through VG(n/2)+l are 
supplied from gate drivers (3 ) and (3 ' ) to the switching devices 
Mil through Mnm in the scanning directions Dl and D2 ' . The 
other terminals of the switching devices Mil through Mnm are 
connected to counter electrode COM terminals ( 7 ) via the liquid 
crystal cells Cll through Cnm, respectively. 
[0120] Display signals assigned to the upper half screen and 
the lower half screen are supplied from a control/power-supply 
circuit (4) to the source drivers (2) and (2'). The display 
signals corresponding to the selected second signal lines are 
output, as indicated by the timing chart of Fig. 2, from the 
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source driver (2) as HS1 through HSm and from the source driver 
(2') as HS1' through HSm' . 

[0121] The orders of the scanning operation of the selection 
devices by the gate drivers (3) and (3' ) are as follows. The 
gate driver (3) scans the selection devices in the order of 
VG1 — » VGn/2, and the gate driver (3') scans the selection 
devices in the order of VGn — * VG(n/2)+l. Accordingly, the 
liquid crystal cells C(n/2)-l through C(n/2)-m and 
C{ ( n/2 ) + l } • 1 through C{ ( n/2 ) + l } • m around the boundary portion 
are charged at the same timing. Accordingly, the influence 
of the first signal lines on the liquid crystal cells becomes 
equal between the liquid crystal cells C(n/2)-l through 
C(n/2) m and C{ (n/2 ) + l> • 1 through C{ ( n/2 ) +1 } • m. Thus, the 
difference in the luminance of the first signal lines around 
the boundary portion can be eliminated. 

[0122] According to this mode, as described above, since the 
liquid crystal cells C(n/2)-l through C(n/2)-m and 
C{ (n/2 )+l} • 1 through C{ (n/2 )+l} -m are charged at the same 
timing, the difference in the luminance around the boundary 
portion can be eliminated. However, those liquid crystal 
cells are immediately discharged after being charged at the 
end of the vertical cycle, and they are not recharged until 
the end of the subsequent vertical cycle. Accordingly, the 
luminance of those liquid crystal cells is somewhat reduced 
compared to the liquid crystal cells on the other horizontal 
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lines. As a result of this, a horizontal stripe having a lower 
resolution and grayer color may appear around the boundary 
portion than in the other horizontal lines when a solid black 
color is displayed. 

[0123] Although in the mode shown in Fig. 1 the display screen 
is divided into two upper and lower screens, it may be divided 
into more than two screens. As the dot-matrix display device, 
a liquid crystal display device is discussed by way of example. 
However, another type of display device having capacitive 
pixels as display cells can also be used. An explanation of 
the configuration of known elements of the liquid crystal 
device is omitted, and the same applies to the description of 
the subsequent modes. 

[0124] (Second mode) A second mode is based on Claims 1, 3, 
10, 11, 12, 13, 14, and 15, in which the display screen is divided 
into upper and lower screens, and more specifically, the upper 
screen is scanned from the bottom to the top, and the lower 
screen is scanned from the top to the bottom, thereby 
eliminating the difference in the luminance around the boundary 
portion. The configuration of the second mode is the same as 
that of the first mode shown in Fig. 1, except for the 
configuration of the gate drivers (3) and (3'). 
[0125] A plurality of first signal lines extended in the 
vertical direction and disposed in parallel with each other 
are divided, as shown in Fig. 1, into SI through Sm and SI' 
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through Sm' in the vertical direction. Switching elements Mil 
through Mnm, each being formed of an N-channel FET at one 
terminal connected, are disposed at the intersections between 
the corresponding first signal lines SI through Sm and SI ' 
through Sm' and the second signal lines Gl through Gn. Scanning 
signals VG1 through VGn/2 and VGn through VG(n/2)+l are 
supplied from gate drivers ( 3 ) and ( 3 ' ) to the switching devices 
Mil through Mnm. 

[0126] The scanning directions of those scanning signals are 
D2 and Dl', which are opposite to Dl and D2 ' of the above- 
described first mode. The gate driver (3) scans the second 

signals lines in the direction of Gn/2 -> Gl, while the gate 
driver (3' ) scans the second signal lines in the direction of 

G(n/2)+l -> Gn. The other terminals of the switching devices 
Mil through Mnm are connected to counter electrode COM 
terminals (7) via the liquid crystal cells Cll through Cnm, 
respectively . 

[0127] Display signals assigned to the upper half screen and 
the lower half screen are supplied from the control/power- 
supply circuit (4) to the source drivers (2) and (2'). The 
display signals corresponding to the selected second signal 
lines are output from the source driver (2) as HSl through HSm 
and from the source driver (2') as HSl' through HSm'. The 
orders of the scanning operation of the selection devices by 
the gate drivers (3) and (3' ) are as follows, as shown in Fig. 
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3. The gate lines of the gate drivers (3) scanning the screen 
driven by the source driver (2) are scanned in the order of 
G3 -» G2 -» Gl -> GO , and the gate lines of the gate driver (3' ) 
scanning the screen driven by the source driver (2 ' ) are scanned 
in the order of GO • -> Gl ' -> G2 * -* G3 ' . 

[0128] By performing the scanning as described above, the 
liquid crystal cells C(n/2)-l through C(n/2)-m and 
C{ (n/2 )+l} • 1 through C{ (n/2 )+l} m around the boundary portion 
are charged at the same timing. Accordingly, the influence 
of the first signal lines on the liquid crystal cells becomes 
equal between the liquid crystal cells C(n/2)-l through 
C(n/2)m and C{ (n/2 )+l} • 1 through C{ ( n/2 ) +1 } m . Thus, the 
difference in the luminance of the first signal lines around 
the boundary portion can be eliminated. 

[0129] In the second mode, the liquid crystal cells C(n/2)1 
through C(n/2) m and C{(n/2)+l} • 1 through C{ (n/2) + l> -m around 
the boundary portion are charged for a sufficient period at 
the same timing. Accordingly, the gradation of the contrast 
due to a shorter charging time for the liquid crystal cells 
around the boundary portion than the other liquid crystal cells , 
as discussed in the first mode, does not occur. In this case, 
however, the gradation of the contrast shown in Fig. 4 may occur 
at the upper edge of the upper half screen and at the lower 
edge of the lower half screen. The gradation of the contrast 
does not appear in the joint portion of the screen, and thus, 



55 



a reduction in the contrast at the center of the screen, which 
is frequency used, can be prevented. This enhances the 
operability of the LCD. 

[0130] (Third Mode) A third mode is based on Claims 4 to 15, 
in which the display screen is divided into upper and lower 
portions and scanning signals out of phase with each other are 
supplied to the divided portions, thereby eliminating the 
difference in the luminance in the boundary portion. 
[0131] In this mode, the display screen is divided into two 
upper and lower screens by dividing the first signal lines for 
receiving display signals. 

[0132] The configuration of the third mode is shown in Fig. 
5. In Fig. 5, elements corresponding to those of the first 
and second modes shown in Fig. 1 are indicated by like reference 
numerals, and an explanation thereof is thus omitted. Fig. 
5 is different from Fig. 1 in that two video signals having 
vertical synchronizing signals out of phase with each other 
are generated in a control circuit (21) by using a memory (22) 
based on a video signal from a video signal source (20), and 
the two video signals are each divided into a video signal and 
a synchronizing signal in control /power-supply circuits (40) 
and ( 40 ' ) . The video signals are supplied to the source drivers 
(2) and (2' ) and the synchronizing signals are supplied to the 
gate drivers (3) and (3'). 

[0133] In this case, the directions of the scanning operation 
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of the upper and lower screens by the gate drivers (3) and (3 ' ) 
of this mode may be any of the directions discussed in the first 
or second mode. That is, the gate drivers (3) and (3') scan 
the second signal lines in the directions of Gl — » Gn/2 and 
Gn -> G(n/2)+l or Gn/2 -» Gl and G(n/2)+l -> Gn. To perform 
the scanning operation on the upper and lower screens, scanning 
signals VG1 through VGn/2 and VG(n/2)+l through VGn produced 
by generating a phase difference between the vertical 
synchronizing signals of the video signals of the upper and 
lower screens are used. 

[0134] The third mode is discussed below with reference to 
Fig. 6. Fig. 6 illustrates the timing of each synchronizing 
signal and the output voltages of the source drivers in the 
common DC driving method. As discussed above, out-of -phase 
vertical synchronizing signals (Vsync and Vsync ' ) are input 
into the control/power-supply circuit (40) and (40' ) shown in 
Fig. 5. That is, the vertical synchronizing signal and the 
video signal input into the control circuit (40' ) are delayed 
from those input into the control circuit (40) by two horizontal 
cycles. Accordingly, the gate lines G3 and GO' are not scanned 
at the same time. In this mode, since the common DC driving 
method is used, the common electrodes of the upper half and 
the lower half of the liquid crystal panel can be safely 
short-circuited . 

[0135] A bright line or a dark line at the center of the screen 
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may not be eliminated by a time difference only by one or two 
horizontal cycles. A description is now given of the amount 
of time difference that can be generated between two vertical 
synchronizing signals- In the common DC driving LCD of this 
mode, the generation of the time difference is very flexible 
since the potential of the common electrodes is constant. The 
phase difference between Vsync and Vsync ' is not particularly 
restricted, and it may be any multiple number of the horizontal 
cycle, and it does not have to be an integral multiple of the 
horizontal cycle. 

[0136] In the extreme case , the phase difference between Vsync 
and Vsync' may be 180°. For example, in an u-XGA dividing 
scanning LCD, which is formed of 1600-column x 600-row x upper 
and lower screens, the phase difference between Vsync and 
Vsync' may be an amount equal to 300 times of the horizontal 
cycle. If the phase difference between Vsync and Vsync' is 

±180°, the negative effect caused by the fact that the gate 
line scanned by the gate driver (3) and the gate line scanned 
by the gate driver (3' ) shown in Fig. 5 at the same time are 
located in close proximity with each other can be alleviated 
to the maximum. 

[0137] However, the display quality may be reduced due to 
another reason. The time from when the liquid crystal cells 
on the gate line G3 are charged to when the liquid crystal cells 
on the gate line GO ' are charged becomes almost equal to the 
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time from when the liquid crystal cells on the gate line GO' 
are charged to when the liquid crystal cells on the gate line 
G3 are charged . That is , the time when the liquid crystal cells 
on the gate lines G3 and GO ' are charged to the same polarity 
becomes equal to the time when the liquid crystal cells on the 
gate lines G3 and GO' are charged to the opposite polarities. 
Accordingly, the liquid crystal cells on the gate lines G3 and 
GO' are charged to the same polarity during half the period 
of one vertical cycle. If the liquid crystal cells on the 
adjacent gate lines remain charged to the same polarity for 
a long period, the display quality becomes poor. 
[0138] If the phase difference between Vsync and Vsync ' is 
0°, as in the case of the first or second mode, the influence 
on the display quality becomes totally opposite. That is, the 
negative effect caused by the fact that gate lines located in 
close proximity with each other are simultaneously scanned 
becomes greater, while the negative effect caused by the fact 
that gate lines located in close proximity with each other are 
charged to the same polarity for a long period becomes smaller. 
[0139] Accordingly, to carry out the present invention, the 
phase difference between Vsync and Vsync ' may be suitably 
selected in a range from -180° to 180° other than 0 ° . A suitable 
value of the phase difference depends on the designing of the 
liquid crystal panel to be driven. 

[0140] In the third mode, the gate lines Gl and GO' are 
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simultaneously scanned, as shown in Fig. 6. The distance 
between the two gate lines is equal to three lines. The gate 
lines GO and Gl ' are also simultaneously scanned, and the 
distance therebetween is equal to five lines. Accordingly, 
the margin when the gate lines GO and Gl ' are scanned is greater 
than that when the gate lines Gl and GO' are scanned. The time 
when the drain electrodes D30 and D00' are charged to the same 
polarity is equal to two horizontal cycles during one vertical 
cycle. Conversely, the time when those drain electrodes are 
charged to the opposite polarities is equal to four horizontal 
cycles during one vertical cycle. 

[0141] (Fourth Mode) A fourth mode is based on Claims 4 to 
15 , in which, as in the third mode, the display screen is divided 
into upper and lower portions and scanning signals out of phase 
with each other are supplied to the divided portions, thereby 
eliminating the difference in the luminance in the boundary 
portion. However, in contrast to the third mode in which the 
common DC driving is used, in the fourth mode, the common 
reverse driving is used. 

[0142] The configuration of the display panel of the fourth 
mode is described below with reference to Fig. 5, since it is 
substantially the same as the third mode. 

[0143] Fig. 7 illustrates the timing of each synchronizing 
signal, the output voltages of the source driver, and waveforms 
of rectangular waves applied to the common electrodes in the 
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common reverse driving method used in the fourth mode. 
[0144] The vertical synchronizing signal and the video signal 
input into the control/power-supply circuit (40' ) shown in Fig. 
5 are delayed from those input into the control /power-supply 
circuit (40) by one horizontal cycle. Accordingly, the gate 
lines G3 and GO' are not scanned simultaneously. Since the 
rectangular wave supplied to the common electrode of the upper 
half of the liquid crystal panel is in phase with the 
rectangular wave supplied to the lower half, the upper and lower 
common electrodes can be safely short-circuited. 
[0145] As in the third mode, in the fourth mode, in scanning 
the gate lines G3 and GO ' , a bright line or a dark line at the 
center of the screen may not be eliminated by the time 
difference only by one or two horizontal cycles . A description 
is now given of the amount of time difference that can be 
generated between two vertical synchronizing signals VG3 and 
VGO * . 

[0146] In the common reverse driving LCD, if the common 
electrodes in the upper and lower screens are not short- 
circuited, the time difference can be generated as in the common 
DC driving. It is assumed, however, that the common electrodes 
are short-circuited. 

[0147] The time difference between Vsync and Vsync ' should 
be an integral multiple of one horizontal cycle. The reason 
for this is that, when the polarity of the output voltage of 
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the source driver is reversed, the potential of the common 
electrode should also be reversed. 

[0148] Additionally, as shown in Fig. 7, part of the vertical 
retrace period of Vsync and part of the vertical retrace period 
of Vsync ' should be overlapped with each other . Also, the field 
reverse should be performed when Vsync and Vsync ' enter the 
vertical retrace period. If the field reverse is performed 
during the vertical display period, a line which is being 
scanned may appear as a bright line or a dark line when the 
field reverse is performed. To perform the field reverse both 
in the upper and lower screens during the vertical retrace 
period, there should be a moment when both Vsync and vsync' 
enter the vertical retrace period simultaneously. 
[014 9] To charge the liquid crystal cells on the adjacent gate 
lines G3 and GO ' to the opposite polarities, the time difference 
between Vsync and Vsync' should be an odd-numbered multiple 
of one horizontal cycle. If the time difference is an 
even-numbered multiple of one horizontal cycle, the liquid 
crystal cells on the adjacent gate lines G3 and GO ' are charged 
to the same polarity. In the common DC driving LCD in the third 
mode, the above-described conditions do not have to be 
considered since it is not necessary to reverse the potential 
of the common electrodes . If the common electrodes of the upper 
and lower screens are not short-circuited, different voltages 
can be applied to the common electrodes, and thus, the 
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above-described conditions do not have to be considered. 
[0150] In the fourth mode shown in Fig. 7, since vertical 
retrace periods are equal to only two horizontal cycles, the 
design flexibility is very low if the above-described 
conditions are to be satisfied. Generally, however, since 
there are vertical retrace periods equal to about several 
dozens of horizontal cycles, the flexibility to select the 
phase difference is considerably high. Under the above- 
described conditions, in most cases, a phase difference that 
can satisfy the required image quality can be found. 
[0151] Although in this mode there are two control/power- 
supply circuits (40) and (40') shown in Fig. 5, they may be 
integrated into one IC package or may be formed on the same 
IC chip. Since it is easy to generate one of the synchronizing 
signals Vsync and Vsync ' from the other signal by a counter, 
it is sufficient that one signal is transmitted from the video 
signal source to the LCD. It is preferable that some of the 

upper and lower drive circuits, for example, Y~ correc " t i- n 9 

reference voltage sources, be shared. 

[0152] 

[Advantage of the Invention] As is seen from the foregoing 
description, according to the present invention, in a dot- 
matrix display device in which a display screen formed of 
capacitive load pixels are divided into upper and lower screens 
so that the upper and lower screens are simultaneously driven 
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by line-sequential scanning, the scanning orders of the upper 
and lower screens are controlled, thereby eliminating the 
difference in the luminance in the boundary portion between 
adjacent scanning lines of the upper and lower screens. As 
a result, the high-definition, high-quality display operation 
can be implemented. 

[0153] In each frame of a video signal, the upper screen is 
scanned from the top to the bottom (or from the bottom to the 
top) , and the lower screen is scanned from the bottom to the 
top (or from the top to the bottom) . Accordingly, the pixels 
in the adjacent scanning lines in the boundary portion between 
the divided upper and lower screens are driven under the same 
charging/discharging conditions. Thus, the difference in the 
luminance of the adjacent scanning lines can be eliminated, 
thereby making it possible to improve the display quality in 
the boundary portion between the divided upper and lower 
screens . 

[0154] Additionally, the video signal for driving the upper 
screen is out of phase with that for driving the lower screen 
so that the scanning timing for the upper screen is 
differentiated from that of the lower screen. Accordingly, 
the occurrence of a bright line or a dark line caused by the 
difference in the degree of the influence of stray capacitances 
on the pixels between the adjacent scanning lines of the 
boundary portion between the divided upper and lower screens 
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and the other scanning lines can be suppressed. As a result, 
the display quality in the boundary portion between the divided 
upper and lower screens can be enhanced. 

[0155] Further, by displacing the scanning timing for the 
upper screen from that for the lower screen by an odd-numbered 
multiple of the horizontal cycle signal of the video signal, 
the line reverse can be performed alternately in every line 
even if the drivers for driving the upper and lower screens 
output the same polarity signal. Thus, the display quality 
can be stably improved. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic diagram illustrating the present 
invention . 

[Fig. 2] Fig. 2 is a timing chart illustrating the operation 
of a first mode of the present invention. 

[Fig. 3] Fig. 3 is a timing chart illustrating the operation 
of a second mode of the present invention. 

[Fig. 4] Fig. 4 illustrates the operation of the second mode 
of the present invention. 

[Fig. 5] Fig. 5 is a schematic diagram illustrating third and 
fourth modes of the present invention. 

[Fig. 6] Fig. 6 is a timing chart illustrating the operation 
of the third mode of the present invention. 

[Fig. 7] Fig. 7 is a timing chart illustrating the operation 
of the fourth mode of the present invention. 
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[Fig. 8] Fig. 8 is a schematic diagram illustrating a liquid 
crystal display device. 

[Fig. 9] Fig. 9 is a schematic diagram illustrating a source 

driver used in a liquid crystal display device. 

[Fig. 10] Fig. 10 is an equivalent circuit diagram of stray 

capacitances in the pixel portions of a liquid crystal display 

device. 

[Fig. 11] Fig. 11 is a timing chart illustrating the operation 
of a known liquid crystal display device. 

[Fig. 12] Fig. 12 illustrates the operation of a liquid crystal 
display device. 

[Fig. 13] Fig. 13 illustrates the operation of a liquid crystal 
display device. 

[Fig. 14] Fig. 14 illustrates the operation of a liquid crystal 
display device. 

[Fig. 15] Fig. 15 illustrates the operation of a liquid crystal 
display device. 

[Fig. 16] Fig. 16 is a diagram illustrating a display 
characteristic of a liquid crystal display device. 
[Fig. 17] Fig. 17 is a timing chart illustrating the operation 
of known art . 

[Fig. 18] Fig. 18 is a schematic diagram illustrating known 
art . 

[Fig. 19] Fig. 19 is a timing chart illustrating the operation 
of known art. 
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[Fig. 20] Fig. 20 is a schematic diagram illustrating known 
art. 

[Fig. 21] Fig. 21 illustrates the operation of known art. 
[Fig. 22] Fig. 22 is a timing chart illustrating the operation 
of known art. 

[Fig. 23] Fig. 23 illustrates the operation of known art. 
[Description of Reference Numerals and Signs] 

1 liquid crystal panel 

2 , 2 ' source drivers 
3 , 3 ' gate drivers 

4 control /power-supply circuit 

5 TFT 

6 liquid crystal cell 

7 common electrode 

11 serial-parallel converter 

12 latch/flip-flop 

13 digital-analog converter 

14 output buffer 

2 0 video signal source 

21 control circuit 

22 memory 

40, 40' control/power-supply circuits 
SI - Sm first signal lines 

GO, Gl - Gn second signal lines/gate lines 
GO' - G3 ' second signal lines/gate lines 
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Mil - Mnm switching devices 
Cll - Cnm- liquid crystal cells 
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FIG. 1 

CONTROL /POWER- SUPPLY CIRCUIT 4 
SOURCE DRIVER 2 
SOURCE DRIVER 2' 
GATE DRIVER 3 
GATE DRIVER 3 ' 

COUNTER ELECTRODE COM TERMINAL 4 
FIG. 3 

1 SYNCHRONIZING SIGNAL 

2 VERTICAL SYNCHRONIZING SIGNAL 

3 HORIZONTAL SYNCHRONIZING SIGNAL 

4 SOURCE DRIVER 2 

5 SOURCE DRIVER 2 ' 

6 VERTICAL CYCLE 

7 VERTICAL RETRACE PERIOD 

8 VERTICAL DISPLAY PERIOD 

9 HORIZONTAL CYCLE 

10 G3 SCANNING G2 SCANNING Gl SCANNING GO SCANNING 

11 GO' SCANNING Gl ' SCANNING G2 ' SCANNING G3 ' SCANNING 

FIG. 4 

1 SCANNING DIRECTION 

2 LUMINANCE 



69 



FIG. 6 

1 DRIVING SIGNAL FOR UPPER HALF 

2 CONTROL CIRCUIT 4 

3 VERTICAL SYNCHRONIZING SIGNAL Vsync 

4 HORIZONTAL SYNCHRONIZING SIGNAL 

5 SOURCE DRIVER 2 

6 DRAIN ELECTRODE D3 0 

7 TIME DIFFERENCE 

8 G3 SCANNING G2 SCANNING Gl SCANNING GO SCANNING 

9 DRIVING SIGNAL FOR LOWER HALF 

10 CONTROL CIRCUIT 4' 

11 VERTICAL SYNCHRONIZING SIGNAL Vsync ' 

12 HORIZONTAL SYNCHRONIZING SIGNAL 

13 SOURCE DRIVER 2' 

14 DRAIN ELECTRODE D00 ' 

15 GO' SCANNING Gl ' SCANNING G2 ' SCANNING G3 ' SCANNING 
FIG. 7 

1 DRIVING SIGNAL FOR UPPER HALF 

2 CONTROL CIRCUIT 4 

3 VERTICAL SYNCHRONIZING SIGNAL Vsync 

4 HORIZONTAL SYNCHRONIZING SIGNAL 

5 SOURCE DRIVER 2 

6 DRIVING SIGNAL FOR LOWER HALF 

7 CONTROL CIRCUIT 4 ' 
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8 VERTICAL SYNCHRONIZING SIGNAL Vsync ' 

9 HORIZONTAL SYNCHRONIZING SIGNAL 

10 SOURCE DRIVER 2' 

11 Vsync RETRACE PERIOD 

12 Vsync' RETRACE PERIOD 

13 OVERLAPPING OF RETRACE PERIODS 

14 G3 SCANNING G2 SCANNING Gl SCANNING GO SCANNING 

15 SOURCE LINE 

16 COMMON ELECTRODE 

17 GO' SCANNING Gl ' SCANNING G2 ' SCANNING G3 ' SCANNING 

18 COMMON ELECTRODE 

19 SOURCE LINE 

FIG. 9 

1 VIDEO SIGNAL 

2 LATCH SIGNAL 

3 REFERENCE VOLTAGE 

4 POWER SUPPLY VOLTAGE 

FIG. 11 

1 SYNCHRONIZING SIGNAL 

2 VERTICAL SYNCHRONIZING SIGNAL 

3 HORIZONTAL SYNCHRONIZING SIGNAL 

4 SOURCE LINE SO 

5 DRAIN ELECTRODE D00 
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6 DRAIN ELECTRODE D3 0 

7 VERTICAL CYCLE 

8 VERTICAL RETRACE PERIOD 

9 VERTICAL DISPLAY PERIOD 

10 HORIZONTAL CYCLE 

11 GO SCANNING Gl SCANNING G2 SCANNING G3 SCANNING 

FIG. 12 

1 WHITE 

2 BLACK 

FIG. 13 

1 WHITE 

2 BLACK 

3 GRAY 

FIG. 14 

1 POSITIVE 

2 NEGATIVE 

3 SUBSEQUENT FRAME 

4 FRAME AFTER THE SUBSEQUENT FRAME 

FIG. 15 

1 WHITE 

2 BLACK 
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FIG. 16 

1 LUMINANCE 

2 APPLIED VOLTAGE 

3 SATURATED 

4 WHITE 

5 GRAY 

6 BLACK 

FIG. 17 

1 HORIZONTAL SYNCHRONIZING SIGNAL 

2 COMMON REVERSE DRIVING 

3 COMMON DC DRIVING 

4 HORIZONTAL CYCLE 

5 BLACK SIGNAL POTENTIAL 

6 WHITE SIGNAL POTENTIAL 

7 COMMON POTENTIAL 

FIG. 19 

1 SYNCHRONIZING SIGNAL 

2 VERTICAL SYNCHRONIZING SIGNAL 

3 HORIZONTAL SYNCHRONIZING SIGNAL 

4 SOURCE DRIVER 2 

5 SOURCE DRIVER 2 ' 

6 VERTICAL CYCLE 
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7 VERTICAL RETRACE PERIOD 

8 VERTICAL DISPLAY PERIOD 

9 HORIZONTAL CYCLE 

10 GO SCANNING Gl SCANNING G2 SCANNING G3 SCANNING 

11 GO' SCANNING Gl ' SCANNING G2 ' SCANNING G3 ' SCANNING 

FIG. 21 

1 SCANNING DIRECTION 

2 LUMINANCE 

FIG. 22 

1 SYNCHRONIZING SIGNAL 

2 VERTICAL SYNCHRONIZING SIGNAL 

3 HORIZONTAL SYNCHRONIZING SIGNAL 

4 SOURCE DRIVER 2 

5 SOURCE DRIVER 2 ' 

6 VERTICAL CYCLE 

7 VERTICAL RETRACE PERIOD 
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